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Crop Rotations and Cultural Practices as Related to 
Wireworm Control in Idaho'* 


F. H. Surrck, U.S.D.A., 


Field-plot studies to evaluate various 
crop rotations and cultural practices with 
reference to the control of wireworms 
under irrigated-farming conditions were 
carried on at Parma, in southwestern 
Idaho, during the years 1931-42. A pre- 
liminary report covering the years 1931 — 
84 has been published (Shirck & Lan- 
chester 1936). Since the investigations in 
Idaho have been terminated, the present 
paper is intended to furnish a complete 
report on these crop-rotation studies. 

In the preliminary report it was pointed 
out that red clover was associated with 
large increases in wireworm populations, 
but that alfalfa tended to prevent rapid 
population increases. No increases were 
noted under 4 years of grass sod. Wire- 
worm numbers remained stationary for 
the first 4 years of clean-cultivated truck 
crops. Drying out the soil‘ by growing 
wheat without irrigation gave mathemati- 
cally significant reductions in wireworm 
populations in one season, provided the 
soil remained dry for a prolonged period. 
Some crops, notably potatoes and sugar 
beets grown for seed, were found to stimu- 
late development of wireworm adults, 
whereas very few adults were produced in 
alfalfa or grass sod. 

Two field-plot experiments were con- 
ducted: (1) For comparison of various 

1 The sugar-beet wireworm, Limonius californicus (Mann.), 
was the species principally encountered in these studies. 


‘In Ne enmene with the Idaho Agricultural Experiment 

Statio 

* These studies were conducted under the direction of M. C. 
Lane, to whom acknowle dgments are due for his suggestions 
and guidance. The writer is indebted to W. C. Cook for se “eral 
suggestions, which were found helpful in writing this paper. 

‘soil drying was suggested by ecological experiments con- 
ducted in the field and in the laboratory by E. W. Jones and 
K. E. Gibson, of the Walla Walla, Wash., laboratory. These 
exper ~—— as yet unpublished except as referred to by M. C. 
Lane in U.S. Dept. Agr. Farmers’ Bul. 1866, showed that there 
is litth doubt that soil humidity is a limiting environmental 
factor for wireworms. The maintenance of the normal water 
balance of wireworms is possible only in a saturated atmosphere. 
Tests in the Prosser and Walla W alla districts of W ‘ashington, 
showed that in sandy-loam soils drying was effective in destroy- 
ing the eggs, larvae, and pupae of wireworms. 


Agr. Res. Adm., Bureau of Entomology and Plant Quarantine® 


crop rotations with respect to their effect 
on wireworms, and (2) for more intensive 
study of population trends under a single 
rotation of whatever type was found to be 
satisfactory for wireworm control. A 
study of supplemental cultural practices 
as affecting wireworms was made in con- 
nection with these field-plot experiments. 
Additional data on wireworm-population 
trends as related to crop sequences were 
obtained from a survey of fields carried on 
during 1940-42. 

Mernops.—The first experiment con- 
sisted of three replicates of the comparison 
of six crop rotations. The arrangement of 
the 4-acre plots was similar to randomized 
blocks, but some of the requirements for 
randomization were not met. The second 
experiment consisted of four replicates, in 
randomized blocks, of the comparison of 
four slight modifications of a single-crop 
rotation, grown on plots having an aver- 
age size of 1} acres. Except for differences 
in irrigation, the plots were given the same 
cultivation and care, so far as the nature 
of the crops would allow. Some of the 
plots were left unirrigated at times to re- 
duce wireworm infestations by soil drying. 
These plots were surrounded by levees to 
prevent accidental entry of water when 
adjoining plots were irrigated. 

The wireworm infestation was deter- 
mined by either sifting or washing a ran- 
dom sample of soil from each plot and 
counting the number of wireworms ob- 
tained. Each soil sample was composed of 
20 or more sampling units taken at 
random from the plot by one of the sam- 
pling devices described by Jones (1937). 
Except when special samples were taken 
to obtain the first-year wireworms, the 
soil was sifted with the motor-driven soil- 
sifting machine described by Lane and 
Shirck (1936). In experiment 1 each unit 
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Table 1.—Wireworm populations following different crops under normal irrigation in crop-rotation 


experiment 1, 1931-37. 
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' Not irrigated. 


? Values not included in averages because the plots were in red clover, rather than onions, prior to the beginning of the experiment 


* Irrigated twice during the season. 
* Irrigated once during the season. 


of soil was 1 square foot in area and 18 
inches deep, and 25 units were taken from 
each plot at each sampling. In the regular 
samples during the remainder of the in- 
vestigations at least 20 sampling units 
one-fourth square foot in area and 15 
inches deep were taken with the post-hole 
auger. For counts of the first-year wire- 
worms, each special sample consisted of 
50 units each of one-sixteenth-square-foot 


of soil, and these samples were washed 
through fine sieves. 

The infestation counts given above 
were made either in the fall, when larvae 
of the current year’s brood had reached 
their maximum growth for the season and 
adults were present in the soil, or early in 
the spring before emergence of the adults. 

Wireworm damage to potatoes was esti- 
mated by examining approximately 100 
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potatoes, taken at random from each plot 
just before the crop was harvested, and 
recording the percentage that contained 
feeding tunnels made by the wireworms. 

EXPERIMENT 1.—The object of this ex- 
periment was to determine what rotations 
and cultural practices were favorable for 
decreasing wireworm populations and 
what practices seemed to favor their in- 

rease. As the studies proceeded, it be- 
came necessary to make changes in some 
of the rotations, to adapt them to the high 
wireworm populations that existed at the 
beginning in some of the plots or that de- 
veloped during the experiment in others. 
In some cases these excessive populations 
made it impossible to grow the intended 
crops. Table 1 and figure 1 show the crops 
grown in this experiment. 

It was surprising to observe slow but 
significant increases in wireworm Popula- 
tions in alfalfa in rotations 1 and 2 during 
the period 1931-34 (Fig. 1). General field 
observations in the Parma area indicated 
that populations ordinarily decreased 
rather than increased in alfalfa. Since it 
was found that relatively few wireworm 
adults matured in alfalfa each year, it was 
concluded that gravid females flying into 
the alfalfa plots must have been mainly 
responsible for the wireworm increases 
noted in rotations 1 and 2. 

The most outstanding population fluc- 
tuations occurred in and fe'lowing red 
clover. The peak infestations'were noted 
in the crops immediately following red 
clover. It is believed, however, that the 
greatest increase in infestation in these 
plots took place while they were in red 
clover, before many of the wireworms had 
become large enough to be retained on the 
screens of the soil sifter. Special samples 
taken in the fall of 1932 and washed 
showed that the number of first-year lar- 
vae per square foot was 8.2 in the red 
clover plots, as compared with 3.5, 2.2, 
and 1.9 in the alfalfa, potato, and pasture 
plots, respectively. 

Since red clover evidently caused popu- 
lations to increase, its use was discon- 
tinued and sweetclover was substituted in 
rotation 3 and alfalfa in rotation 4. The 
wireworm populations did not increase so 
markedly following sweetclover as they 
did after red clover, but observations, 
both in the experimental plots and in 
other fields in the Parma area, indicated 
that there was a tendency for populations 
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to build up immediately following sweet- 
clover. After 1985 the population trend 
under alfalfa in rotation 4 was downward, 
in contrast with the fluctuating but high 
average population in rotation 3, where 
sweetclover was followed by potatoes and 
wheat 

Judging by the results obtained in ex- 
periment 1, it was concluded that rota- 
tions 1 and 2, which contained alfalfa, and 
rotation 6, consisting of 4 years of mixed- 
grass pasture followed by 2 years of culti- 


193!__1932 _1933__1934 _1935 1936 1937 











Fic. 1.—Annual trends in wireworm populations 

observed under six crop rotations at Parma, Idaho, 

1931-37. Populations are shown for the close of each 

season under the following crops: Alfalfa (A), beans 

(B), corn (C), potatoes (P), peas; pasture (Pas), red 

clover (Rel), Sudan grass (SG), sweetclover (Scl), 
mixed truck crops (7), wheat (W). 


vated crops, would be about equally safe 
in preventing excessive build-up of wire- 
worm infestations. The growing of truck 
crops year after year, as in rotation 5,' 
eventually increased wireworm infesta- 
tions and was, moreover, undesirable from 
the standpoint of maintaining soil fer- 
tility. Red clover and sweetclover were 
found to be unsafe for inclusion in truck- 
crop rotations, because of the increase in 
wireworm populations following their use. 

EXPERIMENT 2.—This experiment was 
designed as a somewhat intensive study of 
wireworm-population trends under a 
single-crop rotation. The rotation used 


1 Wheat, with limited amounts of irrigation water supplied, 
was grown in this rotation in 1933 in an attempt to reduce wire- 
worm infestations by the method of soil drying. 
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was as follows: First to fourth years, al- 
falfa; fifth year, early potatoes; sixth year, 
corn or sugar beets; seventh year, wheat. 
The results of experiment 1 had indicated 
that a rotation of this type would be 
reasonably satisfactory from the view- 
point of avoiding excessively high wire- 
worm populations, and would provide a 
safe legume crop for maintenance of soil 
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experiment 1 that significant population 
increases occurred in many plots in which 
the adult populations preceding the larval 
increases were negligible. It was concluded 
that the plot populations in experiment | 
tended to be equalized each year as a re- 
sult of these beetle migrations, and that 
any possible beneficial effects which the 
various rotations may have had were thus 


Table 2.—Wireworm populations following different crops under normal irrigation in crop-rotation 


experiment 2, 1937-42. 
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BLock PLot 1937 1938 


Alfalfa 
4.8 


Wheat 
5.0 
5.8 
7.0 


6.7 


$.5 
5.6 
7.9 


6.1 5.7 


Wheat Alfalfa 
10.1 6 
10.1 
10.1 
10.3 


Average 10.2 


Alfalfa 
1.0 


Alfalfa 
9 1 
10 
ll 
12 


Average 


Alfalfa 


Alfalfa 


Potatoes 


1939 1940 1941 1942 


Potatoes 
0 . 


Alfalfa Alfalfa 
3.1 4 12.2 
5.1 2 2.0 1.2 
7 .6 2.2 1.2 

j 4 11.0 1.4 
46 (| a 1.9 1.1 


Alfalfa Alfalfa Potatoes 
4.2 2.3 2.2 0 
3.4 11.6 } 
1.9 1.0 
3.0 1.8 


5.1 
4.3 
3.3 


4.2 2.7 oe 
Corn or 

| Sugar beets Wheat 

0.8 | 20.8 0.6 

2.1 3.9 2.4 

34 0 

71.4 1.2 


Alfalfa 
0.2 


9 1.0 


Alfalfa 
1.5 
1.6 

s 


Potatoes 
1. 6 


Corn or 
Sugar beets 
0.7 
71.6 
71.7 


Wheat 
1.6 
.o 
oo 


Alfalfa 
.0 
.0 
8S 


3.3 


1.8 


22.4 


1.1 0 


1.6 1.1 eS 





1 Alfalfa not irrigated during the season. 

2 Corn. 

* Sugar beets. 
fertility. Opportunities were provided for 
plowing early in August for control of 
pupae, following the harvest of early po- 
tatoes and wheat. Previous experiments 
(Shirck 1936) had shown that most of the 
pupae could be killed by plowing during 
the first week of August. 

Observations made during 1938-41 
(Shirck 1942) showed that many gravid 
females of the sugar-beet wireworm flew, 
and when collected from the air they con- 
tained, on an average, about 50 per cent 
of their eggs. It had also been observed in 


in part obscured. In experiment 2 the plot 
size was increased to a minimum of 1.25 
acres, in order to lessen the effect of beetle 
migrations and thus to restrict the annual 
influx of wireworms in a given plot to the 
progeny of adults that had developed in 
the same plot. 

Three fields with a total area of 20 acres 
were used for this experiment. W heat and 
alfalfa were growing in these fields when 
thel and was taken over for wire a 
studies in the fall of 1987. Blocks 1 and 
therefore, had to be started in the seve - 
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year of the rotation, block 3 in the third 
year, and block 4 in the fourth year. Spe- 
cial features of the experiment included 
soil drying in the last alfalfa year in cer- 
tain plots, plowing early in August to 
destroy wireworm pupae, and growing 
corn and sugar beets simultaneously in 
the same block to compare the effects of 
these two crops on wireworms. 

The comparison between corn and 
sugar beets was not made in enough cases 
to give conclusive results. It will be seen, 
however, by comparing populations 
Table 2) before and after these crops 
1940 =—194! 


1937 1938 1939 1942 





SQUARE FOOT 
2 9 Pee 


PER 
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WIREWORMS 
on oN Oo yn b o 


Fic. 2.—Wireworm-population trends under differ- 

ent phases of a 7-year crop rotation consisting of 

alfalfa (A), first 4 years; early potatoes (P), fifth 

year; corn (C) or sugar beets (B), sixth year; and 
wheat (W), seventh year. 


were grown, that populations tended to 
increase after corn and to decrease slightly 
after beets. On the whole, the curves of 
figure 2 show that there were only slight 
fluctuations and no definite population 
trends in the fifth to seventh years of the 
rotation (Blocks 3 and 4) when annual 
crops succeeded alfalfa. Significant down- 
ward trends in wireworm populations 
were noted in alfalfa in blocks 1 and 2 
The crop history of these blocks had in- 
cluded red clover for many years before 
the beginning of this experiment, which 
may explain the high wireworm popula- 
tions found there in 1937. Except where 
specified, the crops received normal irri- 
gation. 

Sou, Dryine as AN Alp TO W IREWORM 
ControL.—In experiment 1 Sudan grass 
in rotation C and wheat in rotation E 
were grown with limited amounts of irri- 
gation water in 1933 to determine whether 
the soil would become dry enough to cause 
any reduction in wireworm populations. 
These crops were irrigated only once or 
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twice (Table 1), being given barely enough 
water to mature a partial crop of grain.' 
The wireworm populations were not re- 
duced by this partial drying, but tended 
to increase in spite of it. When wheat was 
grown entirely without irrigation in rota- 
tion C in 1934, however, the wireworm 
population per square foot dropped from 
15.2 to 6.0. Soil drying by omitting irri- 
gations for a full season was tried with 
alfalfa in rotation B in 1935 and resulted 
in a decrease of 2.0 wireworms per square 
foot. No corresponding drop took place in 
the infestation in rotation A, where alfalfa 
in its last year received the normal num- 
ber of irrigations (Fig. 1). 

A soil-drying test was also made in ex- 
periment 2. The results, as summarized in 
table 3, show a greater reduction of wire- 
worms in the plots not irrigated in 1941 
than in the plots that received normal irri- 
gation, although the difference is not 
statistically significant. Furthermore, 
wireworm damage to potatoes grown the 
year following the soil drying was some- 
what less in the plots that had been dried 
than in the irrigated plots. The alfalfa in 
the dried plots was not cut for hay in 1941, 
but was allowed to stand for seed produc- 


Table 3.—Wireworm populations before and 
after soil-drying test (experiment 2), and wire- 
worm damage to potatoes grown the year after 
drying was practiced. 








Ncemper or Wraeworms 

rer Square Foor ow— Persacenta 
dae or 

Pc tatoes Damacen 


lagica- Alfalfa 
GATION - 
In 1941 


Average 





tion. 


A fair yield of seed was obtained, the 
value of which was equal to that of the 
hay that might have been harvested had 
the plots been irrigated. 
GENERAL SURVEY OF 
though the results indicated that the ro- 


Fie_ps.—aAl- 


tation used in experiment 2 might be 


In general, wheat and alfalfa in the Parma area are given at 
rrigations. ~uda grass is Dot Commonly grown Loere, 
ite Grought- 


east Liree 
but was tried mm these soul-dryimg tests because of 
remsting quality 
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satisfactory from the viewpoint of cultural 
control of wireworms, it was surprising to 
note a tendency for wireworm populations 
to continue without significant change in 
crops that followed alfalfa (Fig. 2, blocks 3 
and 4). This was contrary to what hap- 
pened in experiment 1, where populations 
had increased when alfalfa was succeeded 
by annual crops (Fig. 1, rotations 1 and 2). 
In order to obtain further information on 
what population changes might be ex- 
pected in crops that came after alfalfa in 
the rotation, 52 alfalfa fields were sampled 
for wireworms in the last alfalfa year, and 
the population counts were repeated an- 
nually after the next two crops in the 
same fields. 

The results of this survey showed that 
the average wireworm population in- 
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Fic. 3.—Wireworm population in alfalfa and trends 

in adult- and total-wireworm populations in the 

first 2 annual crops following alfalfa. Summary of 
records from 52 fields. 


Table 4.—Trend of wireworm populations in 
crops following alfalfa, 1940-42. 
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Table 4—(continued) 








NuMBER OF WIREWORMS IN 10 
Square Feet FoLtowinc— 


Fievp No. Alfalfa Sugar beets Sugar beets 


18 
$2 
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16 
0 
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38 

20 
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28 


130 162 
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14 9 
15 23 
16 13 
17 29 
18 6 
19 7 
20 16 
21 20 
22 2 
23 13 


Total 138 


Alfalfa Small grain Small grain 

6 18 
23 ‘ 40 
24 28 64 

+ 2 

1 12 
44 é 34 
58 56 
17 ‘ 24 
23 q 2 
25 { 4h 


Total 225 205 296 


Alfalfa Row crops Small grain 
10 4° 4 
8 19! 20 
38 28! 16 
5 4 
13 lL 
9 33? 
2 12? 


26 267 
Total lll 137 


Alfalfa Row crops Row crops 
42 24 83° 26! 
43 26 37? 30! 
44 18 152 18! 
45 g3 12 
46 ; 20° 40? 
47 19? Q? 
48 ( 29 40° 
49 2 164 
50 j 15' 8? 
51 6° 
52 8 7 
Total 247 
Grand total 1,070 
Average per 

field 

Increase over 


alfalfa 


> 4 


— © 
Cele -) & Oo ew 


_~ 


© tO 0 HO 
nao 


eee e ec 
Sere cS 


20.58 


5.874+2.19 4.18+1.75 





1 Sugar beets. 
2 Potatoes. 

+ Corn. 

* Lettuce. 

5 Radishes. 


creased after alfalfa (Fig. 3 and Table 4) 
and remained significantly higher for the 
next 2 years. It will be seen from figure 3 
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that the total wireworm populations 
leveled off in the second year, but the 
number of adults increased progressively. 
The more succulent foods available after 
alfalfa probably caused an acceleration in 
the development of the wireworm larvae, 
and the loosened soil condition due to the 
cultivation of annual crops may have 
favored the formation of pupal cells. The 
diversity of crops grown, particularly in 
fields 34-52, made it difficult to assess the 
effect of any particular crop or sequence 
of crops on the population trend. How- 
ever, in fields 1 to 13, which were planted 
to corn following alfalfa, the increase in 
total number of wireworms from 163 to 
351 was significant. The decrease to 242 
when these fields were planted to small 
grains was also significant. Analysis 
showed that a significant average increase 
of 0.68+0.30 wireworm per square foot 
took place in potatoes grown the first 
year following alfalfa, a sequence found in 
fields 37-41, 43, 44, 47-49; but in fields 14 
-23, where sugar beets were grown in the 
two years after alfalfa, there was no sig- 
nificant population change in either year. 
Thus, the general survey of fields showed 
that, although there was a wide variation 


between fields, potatoes or corn following 
alfalfa tended to increase wireworm popu- 
lations, whereas sugar beets did not. 


SEASONAL History Aas RELATED TO 
CuLtTuRAL Controu.—In southern Idaho 
the'eggs of the sugar beet wireworm are 
laid during May, and most of them are 
hatched by the middle of June. Most of 
the wireworms remain small during their 
first season and are very susceptible to 
drying and starvation. Some natural mor- 
tality occurs during the second and third 
seasons but not so much as during the first 
season. Alfalfa as a crop has a tendency to 
keep the surface foot of soil in a dry and 
very compact condition, which, combined 
with the fact that alfalfa is a poor food for 
wireworms, is detrimental to wireworm 
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growth and survival. Mature wireworms, 
usually in their third season, prepare to 
pupate early in July, pupation reaching a 
peak about August first. Plowing at this 
time, after early crops have been removed, 
has been shown by Shirck (1936) to kill 
most of the delicate pupae and the new 
adults. 

Wireworms that survive their first 
season over winter from 3 to 24 inches 
deep in the soil and are seldom affected 
by freezing temperatures at this depth. 
The adults that develop from pupae in the 
summer remain in the soil throughout the 
winter, and are not affected by the winter 
temperatures common in southern Idaho. 
During their flight period in April and 
May, the adults are subject to depletion 
by predators, but they usually mate suc- 
cessfully and deposit their eggs in the soil 
of cultivated land. 

SUMMARY AND ConcLusions.—System- 
atic studies were made at Parma, Idaho, of 
wireworm-population trends under dif- 
ferent crop rotations. Under normal con- 
ditions changes in population § were 
gradual from year to year, but excessive 
increases occurred in red clover fields. 
High wireworm populations in alfalfa de- 
creased from year to year, and the de- 
crease was accelerated by soil dryness in 
fields where the alfalfa was allowed to go 
an entire season without irrigation. A sur- 
vey of 52 fields showed that in general 
wireworm populations increased in the 
first crop following alfalfa. This increase 
was mathematically significant for po- 
tatoes and corn. There was no significant 
population change in sugar beets grown 
for 2 years following alfalfa. The increase 
in adults in crops following alfalfa was 
more rapid than the general increase in 
wireworm populations. A relatively long 
crop rotation, in which the land is in al- 
falfa at least half the time, appears to 
offer the best opportunity for cultural con- 
trol of wireworms.—10-20-45. 
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Concentration-Survival Time Relationship for 
Roaches Injected with Arsenicals 


Sam C, 


Munson and J. Franxurs Yeacer, U.S.D.A., 
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Bureau of Entomology and Plant Quarantine 


In a previous paper (Yeager & Munson 
1945) the authors described and discussed 
the concentration-survival time curves 
obtained when the American cockroach, 
Periplaneta americana (L.), and the ori- 
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Fic. 1.—-Parts of concentration-survival time curves 
of bowall injected with ry from experi- 
ments 1 (x), 6 (() @), and 7 (O @) with cock- 
roaches, and experiment 9 in A) with yellow 
mealworm larvae; x, [_), O, and A represent ob- 
served and § @, and @ calculated (equation 14) 


survival times. 


ental cockroach, Blatta orientalis L., were 
injected with sodium metarsenite. In 
that paper it was shown that certain at- 
tributes of these curves could be explained 
by assuming that the toxicity of this 
poison is dependent upon the formation of 
arsenite ions. The authors presented equa- 
tions which permitted good agreement 
between calculated and experimental sur- 
vival times. An extension of that work is 
reported in the present paper, w herein ex- 
periments and equations previously re- 
ported retain the numbers prev iously 
assigned to them and additional experi- 
ments and equations are given following 


numbers. 

Mertnops.—The experimental proce- 
dures were essentially the same as those 
described in the previous paper, to which 
the reader may refer for details of tech- 
nique. Certain data from experiment | 
from the previous paper are given here in 
table 1 for comparison. Table 1 also indi- 
sates the nature of the additional experi- 
ments 6 to 9, herein described. For 
convenience, in this paper the sodium 
monohydrogen orthoarsenate will be re- 
ferred to as sodium arsenate, and the col- 
loidal lead arsenate as lead arsenate. 
Experiment 1 is fully described in the 
previous paper. In experiments 6 to 8, as 
in the former study, large nymphs of the 
roach Periplaneta americana were used. 
Experiment 9, in which the yellow meal- 
worm, or larva of Tenebrio molitor L., was 
used, was carried out in connection with 
another investigation, but is included here 
for comparison. 

The greater volume (0.020 ml. per gram 
of body weight) of poison solution (or 
suspension) injected during experiment 7 
was used to increase dosage without hav- 
ing a fine suspension that appeared in the 
0.04006 M solution. In experiment 8 the 
dosage was increased by doubling the 
volume injected to extend the range of the 
concentration of poison in the hemolymph. 

An insect injected with 0.020 ml. per 
gram of body weight of a poison having 
molar concentration ¢ would receive the 
same number of gram moles of poison per 
gram of body weight as an insect injected 
with 0.010 ml. per gram of body weight of 
concentration 2 c. Although the number of 
gram moles per unit of body weight would 
be the same in the two cases, the bloods of 
the two insects may contain slightly dif- 
ferent concentrations of the poison, be- 
sause of the different volumes of solvent 
(saline) injected with the poison. There is 
reason to consider the blood volume of 
Periplaneta americana to be of the order 
of 0.1 ml. per gram of body weight. If each 
roach had a blood volume of 0.1 ml. per 
gram of body weight, the difference in 
concentration of poison in the blood due 
to the saline injected would be of the 
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Table 1.—Comparison of experiments in which cockroach nymphs and mealworm larvae were 


injected with arsenicals. 








So.iuTion Ini ecTep 


L-XPERI- 
MENT Solute 
No. (Insecticide) 


Insects Usep 


Num ber 
390 Sodium metarsenite 

(NaAsO,;) 

Sodium monohydrogen 

orthoarsenate 

(Na:HAsQ,* 7H,0) 

Sodium monohydrogen 

orthoarsenate 

{ Na:H AsQ," 7 THA )) 

Colloidal = arsenate 
(PbHA 

Sodium —- 


Cockroach 


Cockroach 150 


Cockroach 170 


Cockroach 151 


Mealworm 122 


Solvent 


1.84% 
NaCI 
1.10% 
NaCl 
1.10% 
NaCl 


Complex 
saline* 
1.1% 


Limits or— 


v olume per 
Gram of 
Body Weight 


Region of 
Inflection 


Molar 
0.03846-—. 03076 


Critical 
Zone 





Milliliters 


Molar 
0.010 0.01538-—. 007692 


.010 . 02404-—. 02244 . 02003-. 009615 


. 020 . 02564-.02404 .01923—, 009615 


. 020 - 1729 —. 02881 


O19 . 1096 —.07307 .01461-—. 007307 


NaCl . 





: Per cent =grams per 100 ml. 


2 NaCl 10.98, KCL 1.57, CaCl: 0.85, MgCl; 0.17 gram per liter. 


order of 10 per cent, which may be con- 
sidered not greater than the total experi- 
mental error. Thus, within experimental 
error, the blood concentrations of poison 
in experiments 7 and 8 may be put on a 
common basis with those in experiments 
1 and 6 by multiplying all the injected 
concentrations by 0.10 and then, in ex- 
periments 7 and 8, multiplying these 
values by 2. This was done in calculating 
the values plotted in figure 2. The injected 
dosages, however, are equated by multi- 
plying the concentrations by the number 
of unit volumes injected. Thus, taking 
0.010 ml. per gram of body weight as unit 
volume, the dosages in experiments 7 and 
8 are multiplied by 2.0 and those in ex- 
periment 9 are multiplied by 1.9 to make 
them comparable with those in experi- 
ments 1 and 6. In this way the results of 
the different experiments were reduced to 
the same scale for comparison. 

In experiment 9 the mealworms were 
matched for size by eye against a standard 
larva of chosen weight. Eleven groups of 
10 to 12 larvae each were selected in this 
manner. Subsequently each larva was 
weighed individually. The larvae of one of 
these groups were injected with 1.1 per 
cent saline and were used for controls. The 
larvae of the other groups were injected 
with sodium metarsenite in the saline, 
each group receiving a different concen- 
tration of poison. Injection was by means 
of a hypodermic syringe held in a Dutky- 
Fest microinjector (Dutky 1942), which 
delivered 0.00232 ml. at a single depres- 
sion of a key.' Each larva received this 


rhe particular oqperine used here was borrowed from the 


. S. Bureau of Entomology and Plant 


laboratory of the 
where it had been developed 


Qu arantine at Moorestown, N. J., 
for use in Japanese beetle control. 


volume regardless of weight; therefore, 
these injections were not as quantitative 
as those of the other experiments, al- 
though the ranges of body weights in the 
groups of experiment 9 were not very 
different (Table 4). To reduce hemorrhage 
and trauma, the larvae were chilled to 
immobility just before being injected. The 
needle was inserted through an interseg- 
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Fic. 2.—Curves interpreted as percentage dissocia- 
tion curves for sodium metarsenite (x, expt. 1) and 
sodium arsenate ((_], expt. 6; O, expt. 7) in the 
blood of injected roaches, and for sodium metarse- 
nite (A, expt. 9) in the blood of the mealworm. 


mental membrane in the dorsolateral 
region about the middle of the body. On 
the average each larva received 0.019 ml. 
per gram of body weight. 

The sodium metarsenite (NaAsO,) and 
the sodium arsenate (Na,HAsO,-7H,.O) 
were of c.p. grade. Because a c.p. grade of 
lead arsenate in saline did not make a 
suitable solution or suspension, a com- 
mercial, micronized colloidal lead arsenate 
sold in the form of a viscous paste was 
used. The manufacturer's analysis indi- 
cated this to be dilead orthoarsenate 
(PbHAsQ,). Originally it contained not 
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Table 2.—Observed and calculated survival times of cockroach nymphs injected with sodium ar- 
senate. (Ten insects were injected at each concentration except as indicated by footnote 2.) 











EXPERIMENT 7 


Calculated by 
Equation (14 
to Fit 
Harmonic 
Mean 
Minutes 
125 
190 
291 
356 
412 
449 
451 
495 


EXPERIMENT 6 


Calculated by 
Equation (14) 

Observed Means to Fit 
Harmonic - 
Mean 


CONCENTRA- 
TION OF 

INSECTICIDE -~—- — 

Arithmetic! Harmonic 


Observed Means 


Arithmetic! Harmonic 
Minutes 
207 
247 
301 
363 
412 
452 


INJECTED 


Molar Minutes Minutes Minutes 
08012 - — 
06410 
04807 . 
04006 806 288 
.08205 378 410 
02564 - — 
02404 614 540 496 
02244 615 556 611 
02003 4,931 839 ins 


Minutes 
205 
242 
298 
351 
405 
$44 
454 


542 


1,079 (9) 

.01923 _— 
6,977 1,860 
2,061 (8) 

15,554 3,248 
3,705 (7) 
19,433 

+, 309 (6) 
35,424 
12,720 (3) 
36 , 864 

17 , 280 (4) 
009615 37 , 872 
18,000 (5) 
40 , 032 
7,120 
49,192 
40,752 
39 , 600 


.01602 
.01522 


* 01442 3,916 


.01282 13,360 


.O1122 18,100 


22,095 
37,700 
43 , 690 
45 , 030 
38 , 450 
39 , 100 


.006410 

. 003205 

.001602 

0008012 
1.1% Nacl 


1,954 


$3,141 


4,830 


17,853 


191,291 


5,640 1,021 
1,387 (9) 

11,063 
1,949 (8) 


1,469 


2,391 _ 


20,701 
4,742 (6) 

20,450 
6,808 (6) 


8,642 — 


26 , 504 15,085 12,440 
11,679 (5) 
42,048 
45,288 
47 ,348 
41,184 
46 , 080 


41,175 90,799 
44,335 417,875,700 
43 ,825 oo 
39 , 000 

40,750 





t Alternative values are the means for the lower modal groups in the critical zone. The number of insects in each lower group i 


given in parentheses. 
? Only 9 insects injected. 


more than 35 per cent of inert ingredients. 
An unknown percentage of the inert in- 
gredients was lost by evaporation of the 
stock supply and 57 per cent more was 
removed by desiccation over calcium 
chloride (CaCl,). After desiccation the 
material was suspended in the complex 
saline (Table 1). The error in concentra- 
tion of the lead arsenate caused by the 
inert ingredients and the drying of the 
stock supply could not have exceeded 15 
per cent, and probably amounted to only 
a few per cent. The results of experiment 
8 are to be regarded as only approximate. 

After injection, the roaches were ob- 
served at intervals until their failure to 
respond to mechanical stimuli indicated 
that they were dead. Failure to respond to 
mechanical stimulation is an arbitrary end 
point for the determination of death but 
it is convenient and adequate for these 


studies of arsenical poisoning, in which 
the lethally poisoned insects showed little 
or no tendency to recover. The symptoms 
of toxicity were recorded according to the 
following symbols: 


A The injected insect appears no different from 
one not injected. 

A— The insect is like A, except less active. It can 
recover equilibrium, if turned on its back, 
and can walk. 

The insect appears definitely affected. Al- 
though it shows recovery reflexes, it cannot 
recover equilibrium; when righted, it can 
stand and walk; and when placed on its 
back, it can move its legs. other appendages, 
and body fairly vigorously. 

The insect does not show recovery reflexes 
and cannot recover equilibrium, but can 
move most or all of its appendages and its 
body fairly vigorously. 

M, The insect differs from LZ by being more 
feeble. It shows only slight or weak move- 
ments of appendages and body. 

M, The insect is almost, but not quite, com- 
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pletely immoble; only very slight localized 
movement in body or appendages may take 
place occasionally, or possibly an infrequent 
very slight twitch of the whole body; me- 
chanical stimulation is usually necessary to 
elicit these movements. 

D The insect shows no response to mechanical 
stimulus and is considered dead. 


The concentration-survival time curve 
from experiment 9 on Tenebrio molitor also 
is hyperbolic, exhibits a region of inflec- 
tion, and has a critical zone (‘Tables 1 and 
4, and Fig. 1). 

With respect to symptoms of toxicity, 
it is characteristic of arsenic poisoning 
that a poisoned insect passes steadily 
downward through the successive sympto- 
matic stages to death, without apparent 


Symptoms were recorded also in the 
work reported previously (Yeager & Mun- 
son 1945) but were not included in that 


Table 3.—Observed and calculated survival times of cockroach nymphs injected with lead arsenate, 
experiment 8. 





SuRVIVAL TIME 


“Per CENT 
Dissoc I ATION” 
CALCULATED FROM 


fone 


IN EQuATION 14 


Calculated to Fit 

CONCENTRA- Harmonic Means 
TION OF 

INSECTICIDE 
INJECTED 


Observed Means 
- By By 
Equation 14 Equation 24 


Harmonic Arithmetic 


Minutes 

173 2.13 

216 2.51 
288 10 
432 .19 
864 .00 

1,080 8.26 

1,439 

2,160 

4,281 4,319 

9,424 8,638 


Minutes 
193 
234 
362 
436 
832 
1,032 
1,369 
2,042 


Molar 

1.440 

1.152 
. 8642 
5762 
2881 
2305 
.1729 
1152 
05762 
.02881 


Minutes 
240 
232 
326 
340 


Minutes 
237 
229 
308 
325 
789 862 

1,083 6,546 
1,560 17 , 732 
2,075 21,8438 
3,261 26 , 820 
13,275 37,310 


Complex saline 32,430 45,168 


xc 17,281 





paper because it was, at that time, the in- 
tention of the authors to discuss them in 
this one. 

Resutts.—The concentrations and sur- 
vival times (arithmetic and harmonic 
means) for experiments 6 and 7 are given 
in table 2. Part of the curve obtained by 
plotting survival time against concentra- 
tion is shown in figure 1 for experiments 1, 
6, and 7. The sodium arsenate curves are 
of the same type as those reported previ- 
ously for sodium metarsenite; that is, they 
simulate rectangular hyperbolas, exhibit 
regions of inflection at about the same 
part of the concentration range as the 
sodium metarsenite curves, and also have 
critical zones in about the same regions 

Fig. 1 and Tables 1 and 2). 

The colloidal lead arsenate curve (Expt. 
8) is also hyperbolic but exhibits no region 
of inflection, as do the sodium arsenite and 
sodium arsenate curves. The plot of this 
curve is not shown, but the survival times 
are given in table 3. A critical zone is indi- 
cated by the great divergence of the 
harmonie and arithmetic means corre- 
sponding to the lower concentrations 
(Tables 1 and 8). 
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© 20 30 40 SO & 
ARBITRARY SCALE 
Fic. 3.—Relation between time after injection and 
toxic symptoms of roaches injected with the arseni- 
cal poisons. Symptomatic stages on vertical axis. 
Arbitrary scale on horizontal axis. A=0, A—=17, 
S=29, L=38, M,=40, M,.=48, and D=60. 


interludes of recovery (either partial or 
complete) and relapse. After injection an 
insect usually shows activity above nor- 
mal, but for only a few seconds. When sur- 
vival time exceeds. about 30 minutes, 
several injected insects can be observed 
through all the symptomatic stages, but 
this cannot be done so readily when sur- 
vival times are shorter. The progress of 
poisoning is illustrated by the scheme in 


€ 


figure 3, discussed later. 
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ANALYsIS AND Discussion oF Resvutts. 
In the previous paper equations were 
given for fitting the curves obtained when 
roaches were injected with different con- 
centrations of sodium metarsenite; of 
those, equations 14 and 19 will be used 
here. Equation 14 may be expressed as 
K 
b~au i { 


n—1 } 


K 


and equation 19 as 


—q= 


Equation 19 differs from equation 14 only 
in that ¢, is equated to zero and drops out 
of the expression. The previous paper 
should be referred to for a complete dis- 
cussion of the equations and underlying 
theory. 

The survival times of roaches calculated 
by equation 14 for experiments 6 and 7 
are given in table 2. Part of the concentra- 
tion-survival time curves (calculated and 
observed) for roaches and mealworms are 
shown in figure 1. The values of the con- 
stants that had to be used to get these fits 
are shown in table 5. The observed and 
calculated survival times for the two 
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highest concentrations used in experiment 
7 are not in good agreement. With this 
exception, the calculated and observed 
survival times are in good agreement. 
Although the curves of experiments 6 
and 7 cross (Fig. 1), at concentrations be- 
low the inflection they lie very close to- 


l 


(| pe+ett-2) (=) ] -co) f 


l 


gether and statistically (standard error of 
difference between corresponding mean 
survival times) are not significantly dif- 
ferent. The constants (Table 5) that had 
to be used to get the fits to these two 
curves are very similar, the greatest dif- 
ference being in the values for p and for m 
which, by interpretation, have to do with 
the rate of dissociation of the poison as its 
concentration in the blood becomes less. 
(In a sense, p and m are compensatory in 
the curve-fitting process.) Within experi- 
mental error, the difference in volume of 
saline (0.010 ml. per gram of body weight 
injected in the two experiments had no 


Table 4.—Observed and calculated survival times of mealworm larvae injected with sodium 


prmcenintn. experiment 9. 





LARVAE 

CoNCEN- — — 
TRATION OF 
INSECTICIDE 
INJECTED 
Molar Number 
0.2922 11 

2193 12 

. 1461 10 


Body Weight 


Injected Range ven ge 


Milligrams 


Milligrams 
95-135 114 
105-135 119 
95-135 120 


105-1385 
105-135 
95-135 
95-135 


. 1096 ll 
.07307 10 
05844 10 
.04385 10 


. 02922 11 105-125 115 
.01461 10 105-165 129 
.007307 12 105-155 128 
1.1% Nacl 12 105-145 132 





Survivau Time 


Arithmetic Mean 


Harmonic Mean 

Calculated 

by Equa- 
tion 19 


Calculated 

by Equa- 

Observed! tion 19 
Minutes Minutes 
41 41 

45 55 

64 107 

101 (8) 137 

169 169 246 

167 167 219 

211 201 376 

273 435 595 

456 (9) 

862 1,398 
6,922 10,971 
17, 565 87,210 
36 ,385 oo 


Observed! 


Minutes Minutes 


1,191 
16 ,892 
43 , 440 
39 , 840 





1 A number in parentheses is the number of insects on which the alternative survival time is based; that is, one or two larvae were 
excluded for reasons like those given previously by Yeager & Munson (1945). Otherwise, the mean values are for the number of ix- 


sects injected. 
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significant effect on the results. 

The sodium arsenate curves (Expts. 6 
and 7) and the sodium metarsenite curve 
Expt. 1) differ widely in the higher con- 
centrations (Expt. 7), but as concentra- 
tion decreases the curves approach each 
other more closely until they tend to 
coincide below their regions of inflection. 
When the differences between the mean 
survival times (arithmetic) for two closest 
corresponding concentrations of curves 1 
and 7 were tested statistically (standard 
error of difference between the means), 
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until at the inflection of its curve each 
salt has become completely dissociated 
into ions or dissociated to the extent that, 
considering experimental error, the dis- 
sociation may be treated as complete. As 
concentration becomes still lower there no 
longer will be differences between the two 
curves due to differences in degree of dis- 
sociation of the two poisons. If the dif- 
ferences in the two poisons are due wholly 
or principally to the differences in their 
degree of dissociation, then their concen- 
tration-survival time curves should differ 


Table 5.—Values of the constants used in calculating survival times of cockroaches and mealworms 





injected with arsenicals. 
EXPERI- 

MENT 

No. n K Co 
0.01080 
.01080 
.01080 
.01080 
.01140 0 
. 1024 0 


a 


0.007320 
00375 
. 003000 
- 003846 


S Or Gr Gr Gr Gr 


1S) 





Equa- 
TION 


Ca P 
‘ 0.038090 0.57 14 
8 02244 .50 14 
6 .023055 $2 14 

. T4074 007955 0 14 

. 66667 .003907 0 119 
.067355 .50 19 





Same as equation 24, where 4 = 248.8 and ¢=1. 


they were found to be significantly dif- 
ferent at about 0.08 M. As concentration 
falls below this and the curves come closer 
together, the statistical difference becomes 
less until it disappears somewhere above 
their regions of inflection. In and below 
the regions of inflection, down to at least 
the upper part of their critical zones, the 
curves of experiments 1, 6, and 7 are not 
statistically different. Thus, the injected 
arsenate and metarsenite salts of sodium 
show a significant difference in toxicity 
only at concentrations considerably above 
their regions of inflection. 

This relationship with respect to toxic- 
ity of sodium arsenate and |sodium met- 
arsenite receives a rational explanation on 
the basis of the dissociation hypothesis 
discussed by Yeager & Munson. Accord- 
ing to this, toxicity of the arsenite and ar- 
senate salts is dependent upon their for- 
mation of ions. At the highest equimolar 
total concentrations in the blood of the 
insect, the sodium metarsenite dissociates 
to a greater extent than does the sodium 
arsenate, the concentration of arsenite 
ions is greater than that of arsenate ions, 
and therefore the two poisons will cause 
survival times that are less for the arsenite 
than for the arsenate. As concentration 
decreases this difference will become less, 


when the poisons are dissociated to dif- 
ferent extents and should be the same 
when the poisons are completely disso- 
ciated. This is the way the curves of 
experiments 1 and 7 (and 1 and 6) behave, 
for in and below the region of inflection 
where, by hypothesis, the poisons should 
be completely dissociated, the curves 
virtually coineide, when allowance is 
made for experimental error. Thus in and 
below the region of inflection, equimolar 
concentrations of sodium metarsenite and 
sodium arsenate have the same toxicity 
within the limits of experimental error. 
The concentration-survival time curve 
Expt. 8) for the colloidal lead arsenate 
differs from the sodium arsenite and 
sodium arsenate curves in that it shows no 
region of inflection. Although the error 
involved in this experiment is somewhat 
greater, the following discussion will show 
that the results of experiment 8 are in 
agreement with those of the other experi- 
ments of this and the previous paper and 
that, according to the dissociation hy- 
pothesis, the colloidal lead arsenate curve 
need not be expected to exhibit a region of 
inflection. In summarizing the work of 
others on the chemical behavior of the 
acid lead arsenate (PbHAsO,) Frear 
1942, pp. 22-24) states that this com- 
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pound hydrolyzes according to the equa- 
tion, 5 PbHAsO,+ HOH=Pb,(PbOH) 
(AsO,)3+2H;AsO,; that the reaction 
reaches equilibrium while the concentra- 
tion of the arsenic acid is very low but 
may proceed to completion if the soluble 
product is removed; that the lead arsenate 
may be more soluble in sodium chloride 
and sodium carbonate solutions than in 
distilled water; and that it may tend to 
change over to other forms at pH values 
less than 2 or greater than 5. Although the 
lead arsenate may be slightly more soluble 
in roach blood, which normally has a pH 
greater than 5 (Glaser 1925) and might 
contain some sodium carbonate, complete 
solution and complete dissociation of the 
colloidal lead arsenate in the insect blood 
would occur at concentrations so low that 
they would be sublethal. Inasmuch as 
complete dissociation of the poison would 
take place only in sublethal concentra- 
tions, no region of inflection would appear 
in the concentration-survival time curve. 
This is in accordance with the fact that no 
inflection does occur in the observed con- 
centration-survival time curve of experi- 
ment 8, when allowance is made for the 
experimental error involved in the injec- 
tion of the less readily controlled lead 
arsenate suspensions. Likewise, in ac- 
cordance with the hypothesis is the fact 
that a relatively great concentration failed 
to cause a short survival time, for the 
shortest time obtained was 229 minutes 
(harmonic mean). 

In calculating survival times for experi- 
ment 8 according to equations 14 or 19, it 
was found that the data yielded no clear- 
cut value for the constant a, and no value 
for cg. With no value for ca, it was not pos- 
sible to determine n and K from values 
lying below cz, as was done for the sodium 
arsenate curves of this and the sodium 
metarsenite curves of the previous paper. 
In accordance with the above discussion, 
however, it may be assumed that the lead 
arsenate would be only slightly in solution 
at very high total concentrations and the 
percentage of the total concentration 
dissociated would be so slight that the 
constant p could be assigned either the 
value zero or a value very near to zero. 
Furthermore, in accordance with the 
above results and discussion, inasmuch as 
the arsenate ion from sodium arsenate has 
the same toxicity as the arsenite ion from 
sodium arsenite, it may be assumed that 
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the arsenate ion from lead arsenate would 
have the same or nearly the same toxicity. 
On these assumptions the values of the 
constants a, n, and K, previously deter- 
mined, and a value of ¢, close to those 
previously determined in fitting the so- 
dium arsenate and metarsenite curves 
were utilized, and values of cz and m were 
thus obtained by successive approxima- 
tion. The final values of these constants 
are shown in table 5. 

The toxicity of the lead ion has not been 
included in the above considerations be- 
cause the authors have data, reserved for 
a later publication, which indicate that, 
when certain salts capable of forming 
toxic cations and toxic anions by means of 
dissociation are injected into roaches, the 
cations and anions may exert their toxic 
action with considerable independence of 
each other. The data also indicate that 
the survival time of an insect may be de- 
termined by the more toxic of the two 
ions. As there is reason to believe that the 
arsenate ion is more toxic than the lead 
ion in this experiment, only the arsenate 
ion was considered in the calculation of 
the survival times of the mealworm larvae 
(Table 3). 

As the colloidal lead arsenate curve is 
uncomplicated by a visible region of in- 
flection, it is possible to fit it by means of 
a simplification of equations 14 and 19. 
As pointed out above, the constant p can 
be equated to zero. Since the observed 
curve contains no inflection, the lowest 
injected concentration is greater than c, 
and (¢z/¢,-)™ does not attain the value 1 
at or above the lowest concentration used. 
By setting c, equal to zero, equation 14 
is transformed into equation 19. When p 
is set equal to zero in equation 19, the 
latter reduces to 

K ¢ l 


TOT 


t,—a=he-?, 


“| (23) 
i 


(24) 


where 


and g=(1—m)(n—1). 


py (n—i)cgn™-B 


In calculating survival times by equa- 
tion 24, h and g can be evaluated as fol- 
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lows: The constant ¢, in equation 14 is 
equated to zero, and the values of the 
other constants are adjusted slightly to 
get a good fit by equation 19, into which 
14 was transformed by the elimination of 
c,. Then setting p equal to zero in equa- 
tion 19 and slightly adjusting the values 
of the remaining constants to compensate 
for the absence of p, a good fit is obtained 
by equation 23, into which 19 was trans- 
formed by the elimination of p. The values 
of h and q are readily obtained by use of 
the above equations relating them to the 
other constants. In this way it was found 
that, when h=248.85 and q=1, the sur- 
vival times shown in table 3 could be 
calculated. Although the values of the 
constants in equations 14 and 19 for ex- 
periments 1, 6, and 7 have been used in 
getting the final values of the constants in 
equation 24, the fact that the more com- 
plex equation 14 logically reduces to the 
simple equation 24, which is comparable 
to the well-known form ct=constant, is 
of interest. 

This analysis, together with published 
(Yeager & Munson 1945) and unpublished 
work, have led the authors to the follow- 
ing concepts: 

1) The familiar, simple expression 
ct=constant, or a simple, well-known 
variety of this equation, may be found 
applicable as a mathematical expression 
of a biophysical system in special cases, 
where simplification within limits of ex- 
perimental error can be achieved through 
the reduction of certain factors to zero, 
or where mutually antagonistic factors 
are so equally opposed that they can be 
neglected. 

(2) When simplification has been 
achieved in this manner, the resulting 
expression ct=constant, or one of its 
simple, well-known varieties, represents 
only an approximate description of the 
biophysical system. 

3) The apparent linear relationship 
between the logarithmic forms of ¢ and ¢ 
in the logarithmic forms of such simplified 
expressions is likely to have either only 
an approximate or, through a balance of 
mutually opposing factors, a more or less 
fortuitous relationship to the biophysi- 
cal system. 

+) An uncritical use of such simplified 
expressions may tend to obscure rather 
than elucidate fundamental relationships 
in the biophysical system. 
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Survival times calculated by equation 
19 for mealworm larvae (Exp. 9) are 
shown in table 4, and some are plotted 
in figure 1. The agreement between the 
calculated and observed times is good, 
considering the semiquantitative injection 
method used. The values of the constants 
used to obtain the fits are given in table 5. 
The data in table 4, the values of K 
(Table 5), and figure 1 suggest that sodium 
metarsenite is less toxic to the Tenebrio 
larvae than to the roaches. 

As pointed out in the previous paper, 
plotting ¢ vs. 100[p+(1—p)(ca/c)™] 
yields curves that may be interpreted as 
representing percentage dissociation of the 
poison in the body fluid of the injected 
insect. Such dissociation curves for ex- 
periments 1, 6, 7, and 9 are shown in 
figure 2, which may be compared with 
figure 5 of the previous paper. As in that 
paper, in this one the blood volume of 
cockroach nymphs is taken to be 0.1 ml. 
per gram of body weight. Analogous 
values for colloidal lead arsenate (Expt. 8) 
are given in the last column of table 4. 

If other factors are neglected and only 
the dilution of the injected poison by the 
blood is considered, the blood volume of 
the mealworm can be estimated from the 
ratio of the cg values from experiments 9 
and 1 (Table 5) when the blood volume of 
the roach is taken as 0.1 ml. per gram of 
body weight. Such a calculation indicates 
the blood volume of the mealworm to be 
approximately 0.22 ml. per gram of body 
weight. This value for Tenebrio was used 
to convert injected concentration to a 
blood-concentration basis. The procedure 
just described is suggested as a new 
method for the estimation of blood vol- 
ume in an insect. 

In accordance with observations made 
in connection with the previous work, it 
was found in these experiments that, 
after the injection of one of the arsenical 
poisons, the lethally affected insects 
passed through successive symptomatic 
stages with little or no tendency to re- 
cover. This symptomatic behavior is illus- 
trated graphically in figure 3, where the 
symbols for the symptomatic stages have 
been given values and plotted against a 
100-unit time seale on which, for a given 
concentration, a unit is equal to the sur- 
vival time for that concentration divided 
by 100. Conversely, to get an observed 
survival time from the arbitrary time 
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scale in figure 3, the appropriate value of 
the scale is multiplied by an appropriate 
unit value. The values assigned to the 
letters representing symptomatic stages 
were selected in such a way that, when 
they are plotted against the time scale, 
the plotted points fall along a straight 
line. Thus a straight line representing 
arsenical poisoning, which may serve as 
a standard, was obtained by using the 
numerical values given in the legend to 
figure 8. This procedure is recommended 
as a graphical method of comparing the 
symptomatic behavior of insects to dif- 
ferent poisons against a common (though 
somewhat arbitrary) scale. 

By use of this method it is shown that 
the poisoned insects develop the same 
continuously progressive symptoms, re- 
gardless of whether they received low, 
intermediate, or high dosages of these 
arsenical poisons (Fig. 3). This continu- 
ous worsening of the sickened insects 
appears to be characteristic for these 
poisons. Thus, an insect injected with any 
lethal concentration of any one of the 
poisons used in this work showed symp- 
tomatic behavior represented somewhere 
within the area between the two broken 
lines of figure 3; that is, a curve repre- 
senting its progress from the normal con- 
dition through successive symptoms to 
death falls between the two broken lines; 
on the average, and ideally, it would be 
represented by the straight line. On the 
contrary, the curve for controls follows 
along the horizontal axis at the A level 
until it reaches about 90 on the arbitrary 
scale and then, between about 90 and 
100, it suddenly passes very rapidly up- 
ward to the death point. Insects receiving 
sublethal dosages of the arsenicals tend 
according to our observations to behave 
like the controls. 

SUMMARY AND 


When 


CONCLUSIONS. 
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injected into American roaches, sodium 
monohydrogen orthoarsenate, like sodium 
metarsenite, yielded hyperbolic concen- 
tration-survival time curves character- 
ized by a region of inflection and by a 
critical zone. Lead arsenate yielded a 
curve that exhibited no inflection but did 
have a critical zone. Sodium arsenate and 
sodium metarsenite were equally toxic to 
roaches, except in the higher molar con- 
centrations, where the arsenite was the 
more toxic. The lead arsenate was less 
toxic than either. These results are given 
a rational explanation on the basis of a 
dissociation hypothesis discussed fully in 
a previous paper. According to that hy- 
pothesis, in these experiments the arsenical 
ions formed by the sodium metarsenite 
and the sodium arsenate (and probably 
by the lead-arsenate) are equally toxic 
and the differences in toxicity between 
these salts are due largely, if not entirely, 
to differences in the degree of dissociation 
of the salts. Survival times that agree 
well with the observed times were calcu- 
lated by use of equations based on the 
dissociation hypothesis. Curves consid- 
ered to represent the percentage dissocia- 
tion of the poison in the blood of the 
insect were obtained by plotting values 
of 100]p+(1—p)(ez/c)™)] against concen- 
tration c. Methods are suggested for 
estimating the blood volume of an insect 
and for comparing toxicity symptoms 
caused by different poisons. Suggestions 
are made as to why such simple expres- 
sions as ct=constant may happen to 
apply to biophysical systems under cer- 
tain conditions of simplification. Evi- 
dence is presented that the mealworm 
Tenebrio molitor is more resistant than 
the American cockroach, Periplaneta 
americana, to poisoning by sodium met- 
arsenite applied as in these experiments. 
11-23-45. 
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Ethylene Dibromide and Dichloropropane-Dichloropropene 
Mixture for Wireworm Control 


W. H. Lanes, Jr., California Agricultural Experiment Station, Davi» 


The inhibiting factor in the use of soil 
fumigants in the past for wireworm con- 
trol on a large scale has been the combined 
high cost of fumigant and application. 
The recent appearance of D-D mixture 

|,2-dichloropropane 1,3-dichloropro- 
pene) and ethylene dibromide, however, 
together with the development of new 
equipment for application of these chemi- 
cals makes it appear possible that for the 
first time wireworms can be controlled 
economically on a large scale. 

Field tests using D-D mixture have 
been underway since 1943 in California, 
and tests with ethylene dibromide since 
December 1944. The tests reported herein 
are those in which both fumigants were 
compared directly. The species involved 
was chiefly the sugar beet wireworm, 
Limontus californicus (Mann.) 

Materiats Usep.—D-D mixture!’ is a 
combination of saturated and unsaturated 
chlorinated compounds, chiefly 1,2-di- 
chloropropane and_ 1,3-dichloropropene 
which was first used by Carter (1943) and 
reported on later more fully by Carter 

1945). Stone (1944) reported it in Cali- 
fornia for wireworm control when used in 
emulsion form. In the present experiments 
the D-D mixture was used undiluted as 
supplied. Ethylene dibromide was sup- 
plied as a 10 or 15 per cent (by volume) 
solution in a naphtha 200 base and was 
used at the rate of from 2 to 7.5 gallons of 
pure ethylene dibromide per acre. 

Meruop or App.ication.—The chemi- 
cals were applied by means of two com- 
mercial trailer applicators having a series 
of soil drills spaced at from 12 to 15 inches 
and drilled as a continuous stream at a 
depth of from 6 to 8 inches. The fumigants 
were forced into the ground under low 
pressures, and dosage calculated from an 
adjustment of speed of the tractor, size 
of orifice (in the case of one applicator) 
and pressure at which the fumigant was 
applied. The soil in all cases was in good 
friable condition, and a drag or roller was 

+The D-D mixture and ammonia was supplied by the Shell 
Chemical yma oy | of San Francisco, California; the ethylene 


dibromide by the Dow Chemical Company of Midland, Michi- 
ga 


used to seal the surface of the ground in 
most instances. 

Resvutts or Tests.—On December 10, 
1944 ethylene dibromide was applied to a 
field at Salinas in replicated one eight 
acre plots the rest of which was being 
treated commercially with 400 pounds of 
D-D mixture and 35 pounds of anhydrous 
ammonia per acre. The temperature on 
this date was 50° F. at an 8 inch depth 
and the fumigant was applied with the 
Shell commercial applicator as a continu- 
ous stream at a depth of 8 inches with 15 
inch spacings. The soil type was Salinas 
silty clay loam, and the field was in good 
condition for planting. Lettuce was 
planted 10 days following treatment and 
the December rains were used to germin- 
ate the seed. The results of this test indi- 
cated that the combination of either 
fumigant especially with the simultaneous 
application of anhydrous ammonia gave 
substantial increases in yields of lettuce 
on wireworm infested soil. The results are 
summarized in table 1. 

During 1945 tests were conducted in 
the Northern Sacramento Valley at Grid- 
ley and Meridian to test the relative 
efficacy of different dosages of D-D mix- 
ture and ethylene dibromide. D-D mix- 
ture was tested at 20, 40 and 60 gallons 
per acre, ethylene dibromide at 30 and 40 
gallons of 10 per cent (by volume) per 
acre, and compared with untreated 
checks. Three replications arranged as 
randomized blocks, 25 feet wide by 200 
feet deep were used. The ethylene dibro- 
mide was applied with the Dow commer- 
cial applicator and the D-D mixture by 
the Shell experimental applicator. Both 
machines applied a continuous stream of 
fumigant to a depth of from 6 to 8 inches. 

At Gridley the fumigants were applied 
May 1, 1945. The temperature at the 6 
inch level was 87° F. and at the 12 inch 
level, 73° F. and the moisture content 9.1 
per cent. The soil was Columbia fine sandy 
loam. Baby lima beans were planted two 
weeks following the treatment. On June 
20 stand counts indicated no significant 
difference between the different treat- 
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Table 1.—Summary of the effect of application of ethylene dibromide and D-D mixture to a field 


at Salinas infested with the sugar beet wireworm, applied on December 10, 1944. 








TREATMENT PER ACRE 


D-D Mixture, 40 gallons, plus 35 pounds anhydrous ammonia 


CALCULATED NUMBER 
Per Cent or DAMAGED or 80 Pounp 

Letrucs PLants Trivmep CRATES OF 
on Apri 5, 1945 Letruce Per AcrE 





0.14 


Ethylene dibromide, 42 gallons (15% by vol.), plus 30 pounds 


anhydrous ammonia 
Ethylene dibromide, 42 gallons (15%) 
Ethylene dibromide, 50 gallons (15%) 
Untreated 


0.12 
0.36 
0.40 
5.57 





ments, but soil siftings indicated that 
both ethylene dibromide treatments gave 
complete reduction of wireworms to the 
depth and in the samples examined. The 
higher dosages of D-D mixture, 40 and 
60 gallons per acre, also gave almost com- 
plete kill of wireworms. It was observed 
that siftings to a depth of 10 inches do 
not always give a complete picture of kill 
as a few wireworms at greater depths in 
the soil are not killed. The results of this 
experiment are shown in table 2. 


two weeks. The results of these tests indi- 
cated that on June 7, on the basis of 
stand counts that the ethylene dibromide 
treatments gave a_ protection from 
wireworm comparable to the 60 gallon per 
acre treatment of D-D. The results are 
summarized in table 3. 

On June 4, 1945 at Salinas another 
trial was conducted testing 40 gallons of 
D-D mixture, 40 gallons of 5 per cent 
ethylene dibromide and untreated checks 
in a field heavily infested with sugar beet 


Table 2.—Results of tests comparing different dosages of D-D mixture and ethylene dibromide for 








wireworm control at Gridley, applied May 1, 1945. 


TREATMENT PER ACRE 


D-D mixture, 20 gallons 
D-D mixture, 40 gallons 
D-D mixture, 60 gallons 
Check 

Ethylene dibromide 30 gallons (10% by vol.) 
Ethylene dibromide 40 gallons (10% by vol.) 


Per CENT 
REDUCTION IN 
NUMBER OF 
WIREWoOrRMs! 


NuMBER or Liwa 
Bean PLANTS 
Per Foor 
OF ROW 


9: 
1¢ 


100 
100 





1 Based on total number of wireworms in 8 one square foot samples of soil to a depth of 10 inches for each treatment. 


At Meridian a similar test was con- 
ducted on May 2. The soil was Columbia 
silty clay loam and the temperature at 
the 6 inch level was 70° F., at 12 inches, 
68° F., and the moisture content 14 per 
cent. Baby lima beans were planted in 


wireworms. The plots were 30 feet wide 
by 500 feet long, using 3 replications for 
each treatment with check strips of simi- 
lar width between treatments. The ma- 
terials were applied with the Sheli com- 
mercial applicator using 15 inch spacings 


Table 3.—Results of treatment of a field at Meridian with ethylene dibromide and D-D mixture on 


subsequent damage to lima bean plants—counts taken June 7, 1945. 








TREATMENT PER ACRE 





D-D mixture, 20 gallons 
D-D mixture, 40 gallons 
D-D mixture, 60 gallons 
Check 


Ethylene dibromide 30 gallons (10% by vol.) 
Ethylene dibromide 40 gallons (10% by vol.) 


Per CENT or Lima 

Bean PLANts 
DAMAGED BY 
WIREWORMS 


NuMBER or Lima 
Bean Piants Dam- 
AGED BY WIREWORMS 

on 1/24 AcRE 


70 
78 
33 
229 
30 
il 
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at a depth of 8 inches. On September 20, 
1945 when yields were checked, the 40 
gallons of D-D mixture yielded 408.3 
eighty pound crates of trimmed lettuce, 
the ethylene dibromide, 289.1 crates, and 
the untreated checks 58.2 crates per acre. 

Discussion.—From the results ob- 
tained it seems that both D-D mixture 
and ethylene dibromide offer good pos- 
sibilities for the economical control of 
wireworms in land under irrigation and 
intensive cultivation in California. In 
tests reported herein and others over a 
period of two years using D-D mixture, 
the 40 gallon (400 pounds) treatment per 
acre Offers the most economical control 
and greatest returns per acre although 
not effecting a complete kill of wireworms. 
The simultaneous application of 35 
pounds of ammonia with the fumigant, 
particularly in late fall treatments give 
the greatest yields when followed by let- 
tuce. It is probable that the reduction in 
numbers of wireworms together with the 
presence of ammoniacal nitrogen in the 
spring accounts for the more rapid growth, 
greener color and greater yields where the 
combination fumigant-fertilizer is used. 
The recent work by Tam (1945) might 
indicate that the 40 gallon per acre treat- 
ment by D-D mixture suppresses nitrifi- 
cation for a limited period and in this 
interim the lettuce plant is able to utilize 
ammoniacal nitrogen supplied at the time 
of application of the fumigant. This addi- 
tional nitrogen supplied was not used as a 
substitute for the regular fertilizer pro- 
gram using balanced commercial fertiliz- 
ers, or manure. 

It would seem from these tests that 
ethylene dibromide can be used at lower 
dosages to obtain wireworm control than 
can D-D mixture. The resultant crop 
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yields, however, can only be ascertained 
by future tests using all types of crops. 
For example, beans following ethylene 
dibromide often give better growth, than 
can be explained on a basis of the control 
of wireworms alone. On the other hand if 
beans are planted too soon following the 
higher dosages of D-D mixture, damage 
will result. The fumigant used in par- 
ticular instances may have to be chosen 
on a basis of the crop to be treated. 

SumMary.—Tests comparing different 
dosages of D-D mixture and ethylene 
dibromide were conducted at Salinas, 
Meridian and Gridley, California during 
1944-45 indicated that these fumigants 
offer good possibilities for the economical 
control of wireworms when applied in 
continuous streams at a depth of from 6 
to 8 inches and 12 to 15 inch spacings. 
With D-D mixture a dosage of 40 gallons 
(400 pounds) per acre gives a satisfactory 
reduction in wireworm control and sub- 
sequent increased yields of lettuce and 
beans. 

The simultaneous application of 35 
pounds of anhydrous ammonia with 40 
gallons of D-D mixture in the fall, gave 
the greatest increases in yields of lettuce 
the following spring. 

Ethylene dibromide at both 30 and 40 
gallons of 10 per cent strength (by vol- 
ume) in a naphtha-200 thinner per acre, 
was found to give good kills of wireworms, 
increased stands and yields. This dosage 
compared in most cases with 40 to 60 
gallons of D-D mixture from the stand 
point of actual kill of wireworms, although 
the increased yields following treatment 
may depend upon what crop is to be 
planted and other factors such as the 
interval of time between fumigation and 
date of planting.—10-22-45. 
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Mortality of the Mexican Fruitfly in Mangoes Treated by the 
Vapor-Heat Process 


Joun W. Bavock and Donan F. Starr, U.S.D.A., Agr. Res. Adm., 
Bureau of Entomology and Plant Quarantine 


The vapor-heat method of fruit sterili- 
zation was developed in Florida in 1929 
during the campaign against the Mediter- 
ranean fruitfly, Ceratitis capitata (Wied.). 
It has been discussed by Baker et al. 
(1944). As a result of studies that deter- 
mined its lethal action on larvae of the 
Mexican fruitfly, Anastrepha ludens 
(Loew),' the process was authorized in 
1938 for the treatment of citrus fruit in 
the Rio Grande Valley in Texas. 

The continuation of the studies on the 
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Cross-section views of vapor-heat cabinet: 


A, Top; B, front. 


Fic. 1. 


vapor-heat sterilization of mangoes in- 
fested with Anastrepha ludens has afforded 
the opportunity to determine the mortal- 
ity curve as a basis for treatment of that 
fruit by methods set forth by Baker 

1 The studies were conducted on both mangoes and citrus 


fruits by personnel now in the Division of Fruitfly Investigations 
of the Bureau of Entomology and Plant Quarantine. 


(1939). Twenty-three experiments were 
made with mangoes in 1943, 10 of them 
with off-season fruit, from February 13 
to March 13, and 18 during the normal 
fruiting season, from May 3 to August 12. 
The fruit was obtained at first from Cuer- 
navaca and later, when the Cuernavacan 
fruit had disappeared, from Tepoztlan, 
Morelos. 

The vapor-heat process of fruit sterili- 
zation utilizes air, saturated water vapor, 
and water in the form of a fine mist cir- 
culated in large volume throughout the 
load, and is dependent for its success on 
the latent heat of evaporation released by 
condensation. These conditions may be 
obtained in two ways. In the first proce- 
dure the heat is supplied by electric heat- 
ing elements. A current of air is blown or 
drawn across these elements, and into this 
current a fine water spray is injected. The 
mixture of air, vapor, and water mist is 
then forced through the load. In the sec- 
ond procedure live low-pressure steam is 
injected into a stream of air to which a 
water spray is added if necessary, and the 
resulting air, vapor, and water mist is 
drawn through a series of baffles, to elim- 
inate large water particles, and is then 
forced through the load. 

The studies discussed herein were made 
in a conditioning cabinet known as “Gov- 
ernment size,” the inside dimensions being 
47 by 46 by 30 inches. It was operated 
according to the first procedure described 
in the preceding paragraph. ‘Two views of 
the interior of the cabinet, with a turn- 
table designed and constructed by Juan 
A. Ramirez to permit the removal of any 
lot of fruit at any time during steriliza- 
tion, are shown in figure 1. In commercial 
treatments in the lower Rio Grande Val- 
ley of Texas the second procedure is em- 
ployed. 

In a complete experiment 20 boxes of 
approximately 60 fruits each were used, 
the fruit in 4 boxes serving as a control 
and that in the other 16 receiving the 
treatment. Surviving fruitflies were noted 
by holding the fruit in trays over clean 
sand, as described by Mason & McBride 
(1934). To reduce error due to variable 
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factors, such as the condition of the fruit, 
the degree of infestation, the larval stages 
in the fruit, and the resistance of the lar- 
vae, each experiment was designed so 
that 8 boxes of fruit received one ex- 
posure and 8 boxes another exposure. A 
diagrammatic representation of the box 
set-up inside the sterilizing cabinet is pre- 
sented in figure 2. For removals the 16 
boxes were divided into two series, the 
positions being equalized as much as pos- 
sible. Series 1 consisted of boxes numbered 
1, 3, 6, 8, 9, 11, 4, and 16. The remaining 
boxes fell in series 2. The order of removal 
of the two series alternated with each ex- 
periment; that is, the boxes in series 1 
were removed first in one experiment, and 
those in series 2 first in the following ex- 
periment, and so on. In two experiments 
all 16 boxes were removed after 11 hours 
of treatment, because the turntable stuck. 

The time periods in the experiments 
ranged from 8 to 13 hours, including the 
standard 8-hour approach period, during 
which the temperature of the fruit was 
raised gradually from room temperature 
to 43.3° C. (110° F.) by means of control 
with a variable-temperature apparatus 
Stone 1939). 

Temperatures at the approximate cen- 
ter of the fruit in each of the 16 boxes 
were determined hourly by means of re- 
sistance thermometers equipped with 
metal bulbs and having copper-wound and 
rubber-insulated leads. Readings were 
made on a portable testing set, which was 
accurate to within 0.05 ohm when checked 
with a 100-ohm Bureau of Standards re- 
sistance standard. The leads were calli- 
brated in both air and water against a 
Bureau of Standards thermometer grad- 
uated in 0.1° C., and the average maxi- 
mum deviation was approximately 0.31 
This is the error due to reading plus the 
error inherent in the leads. The average 
maximum deviation of the same leads in 
the fruit during the portion of the studies 
conducted at 43.3° was approximately 
0.51°. This additional error of 0.20° (0.51° 

0.31°) may be attributed to differences in 
the 16 positions in the vapor-heat steriliz- 
ing cabinet. 

The temperature of the air mixture was 
recorded each hour with a Bureau of 
Standards mercury thermometer and with 
a resistance thermometer. The tempera- 
tures recorded in the fruit approximated 
these air-mixture temperatures. After a 


natural lag during the first 8 hours of 
treatment while the temperature was 
gradually being raised to 43.3° C., the 
temperatures of the fruit and of the air 


mixture were in equilibrium to +0.1° 


Fig. 2.—Position of boxes in vapor-heat cabinet. 


during the remainder of the experiment. 
Table 1 gives the air-mixture tempera- 
tures in the sterilizing cabinet during the 
23 experiments conducted. 


Table 1.—Temperatures of the air mixture 
during vapor-heat treatment of mangoes infested 
with Anastrepha ludens. 
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' Average temperatures observed in commercial sterilization 
of citrus, as recorded by personnel of the Division of fruitfly 
Contr 1, Bureau of Entomology and Plant Quarantine. 

? Based on the readings of a Bureau of Standards thermometer 
gre oS = ated in tenths, suspended in the vapor mixture. 

In one experiment 1.1° for a short period 

4 In one experiment 0.4° 

' In one experiment 0.6°. 

It may be seen in table 1 that the large 
negative deviations from prescribed tem- 
peratures occurred especially during the 

early hours of treatment. This lag was the 
result of low fruit temperatures at the 
start of some of the experiments. Fruit 
was stored in the attic prior to treatment, 

7 . >» oe ° ’ 
and fruit temperatures as low as 11° C. 
immediately preceding treatment were 
recorded. It will be noted, however, that 
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positive deviations were much more 
closely controlled than negative devia- 
tions. This guarantees a more severe test 
where recommendations involving free- 
dom from infestation are concerned. Table 
2 summarizes the data for each exposure. 

The data shown in table 2 are presented 
graphically in figure 3. The mortalities for 
the various exposures were converted to 
probits and plotted against the logarithms 
of exposure, following the procedure 
adopted by Bliss (1935). It has been 
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Fic. 3.—Mortality curves showing the effect of va- 
por-heat treatment on eggs and larvae of the Mexi- 
can fruitfly. Line A is based on the number of larvae 
surviving and developing to the pupal stage, line B 
on the number of survivors that developed into 
adults, 
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shown? that the logarithmic conversion of 
the units of time is not strictly applicable 
in the present studies unless a constant is 
included. This constant is dependent upon 
the mortality during the first 8 hours and 
has been called the approach-period 
equivalent. A value of 4 hours was used 
in this case. In plotting the data the first 8 
hours of treatment, which actually in- 
volved a variable temperature, ranging 
from about 20° to 43.3° C. were consid- 
ered equivalent to 4 hours of exposure at 
43.3°. 

The regression lines were calculated 
according to the procedure outlined by 
Bliss (1935), except that his weighting 
coefficients were not strictly applicable in 
this case. The error-of-population esti- 
mate is included in all these data, which 
shifts the points with the heaviest weights 
above 50 per cent mortality. Because of 
the lack of appropriate weighting coeffi- 
cients, weights of 1 were used in all cases. 
The regression line based on puparia 
counts calls for 5.7 hours of exposure at 
43.3° C., in addition to the 8-hour ap- 
proach period, to obtain security at pro- 
bit 9 (mortality of 99.9968 per cent). This 
is in good agreement with the recommend- 
ation of 6 hours adopted for citrus in the 
Rio Grande Valley of Texas under the 
Mexican fruitfly quarantine (United 


2 Unpublished report by Starr. 


Table 2.—Mortality of Anastrepha ludens larvae in mangoes treated by vapor-heat sterilization at 


a temperature of 43.3° C.! 











EstTIMATED 
EGGS AND - 
Fruits LARVAE? 


Exposure? 


Number 
23,672 
5.918 


36,124 
9,031 


Hours Number 
0 2,664 
Control 666 


1 3,640 
Control 910 


4557 
5918 
1572 
9031 


32,088 78 
8,022 8022 


2 3,264 
Control 816 


$1,832 23 
7,958 7958 


25,944 18 
6,486 6486 


14,614 
3,654 


5 4,680 
Control 1,170 


4 4,296 
Control 1,074 


5 1,696 
Control 424 


Total 25,300 205,343 


SURVIVORS 


Puparia 


Number 


Mortatity 
BaAsED ON 
PuPARIA 


Adults EMERGENCE 
Number Per Cent Per Cent 
$121 68 .49 80.75 
4,134 69.85 _ 


46.31 
79.50 


34.62 
72.10 


21.74 
26.59 


Prosit 








! Temperature at approximate center of fruit. 
? Does not include the 8-hour approach period. 


* Based on the number of puparia recovered from control fruits. 
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Table 3.—Distribution of Anastrepha ludens larvae surviving exposures in 16 positions in the vapor- 


heat cabinet. 











Survivors IN EXPERIMENT 


POSITION 


Series 1 


Total 


Control 
(box no.): 
913 588 
8 790 413 


990 $ 
985 5 
871 586 894 431 


1069 673 632 480 


Total 3915 2764 3229 1912 2715 


- - - Tora. 
74 10? SURVIVORS 


70 423 
53 309 
94 440 
47 297 
88 237 
100 260 
138 404 
99 337 


2,707 


_ 
— 


‘ 
| oe be Se 


432 448 304 
$16 457 274 
533 432 286 
525 449 249 


1906 1786 


1113 22 ,971 





Omitted from analyses because there were no survivors 
? 8-hour treatment. 
* 9-hour treatment. 
‘ 10-hour treatment. 


States Bureau of Entomology and Plant 
Quarantine 1938) as a result of similar 
studies by Stone? in 1933 with Anastrepha 
ludens in mangoes and oranges. The line 
based on adult counts, corrected for nat- 
ural mortality in the controls, gives a pro- 
bit of 9 with a treatment of 3.9 hours be- 
yond the approach period. The difference 
between 5.7 and 3.9 hours indicates the 
added security in the use of puparia in 
constructing mortality curves. 

In experiments with the vapor-heat 
process all survivors in a given experi- 
ment were, in some instances, recorded 
from a single box of fruit. This suggested 
the possibility that variation in mortality 
might be due to position in the sterilizing 
cabinet. The significance of the position 
error alone was tested by several analyses 


of variance. To determine whether this 
condition existed, the first 10 experiments 
were designed for the specific purpose of 
detecting error due to position. In order 
that the data might also be used in estab- 


Table 4.—Analysis of variance of controls in 
vapor-heat experiments with mangoes infested 
by Anastrepha ludens. 








De- 
GREES 

OF EstIMATE 
FREE- SuM oF OF 
DOM SQUARES VARIANCE 


SOURCE OF 
VARIATION 
Total 39 
Experiments 9 
Randomization 30 





2,098 , 639.97 
1,914, 213.23 
184,426.74 


212, 690.36 
6,137.56 





Standard deviation = ¥ 6137.56 =78.34. 
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lishing a regression line, removals were 
made in two series in each experiment. 
To some extent this was unfortunate, be- 
cause no way was found to combine both 
series in analyzing the data. 

Table 3 lists survivals of Mexican fruit- 
fly larvae for each position in the vapor- 
heat cabinet after treatments of 8 to 10 
hours, including the approach period. 

The fruitfly populations in control lots 
of fruit were analyzed to determine the 
randomization error in experiments 1-10; 
each experiment had 4 control boxes 
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ceptibility may be explained by separat- 
ing it from the other two errors in the fol- 
lowing example: If we assume that exactly 
500 eggs and larvae were included in each 
box and that the 16 boxes were treated to 
produce 95 per cent mortality in a perfect 
cabinet, the variation in the resistance of 
the insects to the treatment would prevent 
the exact expected number of 25 survivors 
from appearing in each box. The variation 
in the number of survivors from the ex- 
pected number would be the error of sus- 
ceptibility. 


Table 5.—The effect of the variances in combinations of positions of boxes of fruit treated with 


vapor heat for control of Anastrepha ludens. 








COMBINATION OF 
Positions! SERIES 


Individual 


PositTIoN 


1, 3, 6, 8, 9, 11, 14, 16 77 
2, 4, 5, 7, 10, 12, 13, 15 .00 


Variance Ratios, F 


Required for 
Found 5% Level 


~~ 


° 


18 
76 


1+6, 3+8, 9+14, 11+16 
2+5, 4+7, 10+13, 12+15 34 
1+3, 6+8, 9+-11, 14+16 .12 


~ee 


2+4, 5+7, 10+12, 13+15 7 


Cubes 
.76 
.76 


Columns 
.76 


— = 1 Oe 


Sides 


« 


Front, 9, 11, 14, 16 
Back, 1, 3, 6, 
Front, 10, 12, 


- 1 1 OH OO 


.00 


8 


= 


13, 15 48 


Back, 2, 4, 5, 7 


Layers 


1 1+9, 6+14, 3+11, 8+ 16 
2 5+13, 2+10, 7+15, 4+12 91 


2.05 


we 





! In all combinations of positions experiment 1 was omitted in series 1 and experiment 9 in series 2, because there were no survivors. 


averaging about 60 fruits per box. The 
analysis of the data for the controls is 
given in table 4. 

The combined error due to position was 
studied by comparing the survival in each 
box with the mean for each series (Table 
3). For example, in series 1, with 2707 
total survivors, box 1 contributed 423 sur- 
vivors, which represented a positive de- 
viation of 25.1 per cent from the mean of 
338. The percentage difference for each 
position is shown diagrammatically in 
figure 2. The standard error for position 
was calculated from these 16 deviations 
as follows: 


Sz? = (13.5)?+- (19.5)? . . . +(2.1)? 
= 5,255.86 
/ 5,255.86 
F 15 = 18.7 per cent 


This apparent position error includes 
the error of randomization and an addi- 
tional error, which may be termed “the 
error of susceptibility.”’ The error of sus- 


An examination of the data indicated 
more survivors for boxes 1, 2, 5, and 6, 
than for any similar combination of four 
boxes. This group comprised the upper 
four boxes at the back of the cabinet, 
where the mixture from the water sprays 
and the air nozzles originated. The boxes 
were therefore combined as cubes for each 
series, and analyses of variance were ap- 
plied to the data. Similar analyses were 
also spplied to the individual positions 
and to other combinations of positions, 
such as columns, sides, and layers. A com- 
plete summary of analytical results is 
given in table 5. 

As can be seen from the foregoing anal- 
yses of variance, there was no significant 
difference in the survival due to position, 
individually or combined into columns, 
sides, cubes, or layers. Any error due to 
position was small and had little influence 
on the results. As was to be expected, the 
difference between experiments was highly 
significant, because it included the treat- 
ment time, which ranged from 8 to 10 
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hours. Should further work be found nec- 
essary to determine position error more 
exactly, it probably would be better to re- 
move all 16 boxes at one time, thereby 
making it possible to compare all the posi- 
tions directly with one another. Removals 
might best be made after 9 hours of ex- 
posure, which gave a mortality of 95.65 
per cent, with only 3 boxes out of 64 re- 
cording no survivors. 

SumMARY.—The vapor-heat process of 
fruit sterilization has been applied in a 
study of the mortality of the Mexican 
fruitfly, Anastrepha ludens (Loew), in 
relation to the treatment of mangoes in- 
fested by that species. The experiments 
were conducted in a conditioning cabinet 
equipped with a turntable of 16-tray ca- 
pacity, designed to permit removal of 
random lots of fruit during treatment. The 
data submitted cover 23 experiments us- 
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ing 25,300 mangoes with an estimated 
population of 205,343 larvae. Treatment 
periods were from 8 to 13 hours, the first 
8 hours of which represented the ap- 
proach period needed to reach tempera- 
ture equilibrium at 43.3° C. (110° F.). Re- 
gression lines calculated from these data 
by using the method of probits gave an 
exposure security at probit 9 (mortality 
of 99.9968 per cent) of 5.7 hours based on 
the number of survivors attaining the 
pupal stage, and 3.9 hours based on the 
number attaining the adult stage. These 
periods are in addition to the 8 hours used 
in the approach. The experiments were 
designed so that errors due to differences 
in position in the vapor-heat cabinet 


might be studied. The data were subjected 
to analyses of variance. The error due to 
position was found not to be significant.- 
6-10-45. 
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Incomplete Block Experimental Designs in 
Insect Population Problems 
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mental treatments and replications, as 
well as in field arrangement, must be met. 
The designs cannot be arranged for every 
combination. 

Incomplete block designs are adapted 


Incomplete block designs are special 
applications of the principle of confound- 
ing which have been developed in recent 
years to meet certain definite needs in 
field-plot experimentation. With a large 










number of experimental treatments such 
designs as ordinary randomized blocks 
may lose much of their efficiency in error 
control because of increase of block size. 
In this situation smaller blocks with in- 
complete sets of treatments in each may 
be used. Differences between the small 
blocks are evaluated and allowed for in 
analysis. To make this possible, certain 
requirements as to number of experi- 






















to a situation where a large number of 
experimental treatments (16 or more) 
must be compared and where field varia- 
tion is important. Where real differences 
occur between the small blocks, they are 
likely to show a gain in efficiency over 
simpler designs. With many treatments 
under consideration, a few may often be 
added or omitted to make up sets without 
injuring the experiment. Many types of 
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such designs are possible; the several 
“lattice” types, lattice squares, and bal- 
anced incomplete blocks are most widely 
used. These designs are well discussed as 
to construction and analysis by Yates 
(1936, 1937, 1939, 1940), Weiss & Cox 
(1939), Pope,! Cox et al. (1940). With 
the lattices and lattice squares, all plots 
of a given replication are kept together 
in a solid area (which is often not true 
of balanced incomplete blocks). In cases 
of experimental difficulties, results from 
these designs may be tentatively ana- 
lyzed as though from ordinary ran- 
domized blocks. This makes these designs 
especially interesting, since they give a 
chance of improvement with little risk of 
loss of efficiency. In a problem to which 
they might be adapted, they can be rec- 
ommended without hesitation. The lattice 
square accounts for field variation in two 
directions. It tends to be more precise 
than ordinary lattices (simple or triple), 
but its special restrictions make it harder 
to adapt to many problems. This is much 
like the comparison of ordinary Latin 
squares to randomized blocks. 
APPLICATIONS TO EntomoLocy.—In 
insect problems, the question of major in- 
terest is insect population. The density 
of population, and the proportion affected 
by some condition, are two questions that 
occur over and over. Some tffect of insect 
activity correlated with population, such 
as injury to plants, may sometimes be 
used as an index or measure of population. 
Crop yields or stands associated with 
treatments, and other factors, are also of 
interest, but must be secondary, A num- 
ber of insect problems are being studied 
by field-plot tests. Sometimes the insect 
observations are incidental to the work 
of the plant specialist, and are made on 
plots laid out for another major purpose. 
Plots may also be cooperatively devel- 
oped. However, we have many cases in 
which they are laid out for entomological 
work alone. Where the conditions of 
many experimental treatments and con- 
siderable field variation occur, the ordi- 
nary lattice (simple or triple) or lattice 
square may be of help. The question may 
well be raised whether insect population 
does not tend strongly to distribute itself 
well through the field, and to show less 
local variation than does soil. We know 


1U.S.D.A. Grad. School, mimeographed, 1940. 
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from general experience, however, that 
some local variation in populations oc- 
curs. 

Resvutts iN SEVERAL Practicau Ex- 
PERIMENTS.—An experiment using a triple 
lattice design in testing insect resistance 
of barley varieties was carried out in 
1942 by R. G. Dahms of the Bureau of 
Entomology and Plant Quarantine, at 
Lawton, Okla. Mr. Dahms had been work- 
ing on the difficult problem of chinch bug 
resistance in barley. He had tested in a 
preliminary way several hundred varie- 
ties. It was agreed that replication must 
be used in later stages, that the number of 
varieties must be restricted to those 
which had shown promise, and that selec- 
tion could easily be made to give 100 
varieties. This use of a perfect square in 
number of varieties made it easy to lay 
out a triple lattice, and this was done. 
Chinch bug population was to have been 
the criterion. The experiment was inter- 
rupted by a “green bug” outbreak which 
injured the plots. Since this insect is 
sporadically important in the area, Mr. 
Dahms recorded data as to its attack on 
the plots. After trying several criteria, he 
found the percentage of leaves killed to 
be the best one. This reflects the prefer- 
ence of the insects for certain varieties 
and the varietal tolerance of their feed- 
ing. Results were recorded as percentages 
based on adequate and similar numbers 
from each plot, and practically all were 
between 10 and 90 per cent. Hence per- 
centages were analyzed without modifi- 
cation. 

The summary of analysis is as follows: 








Mean Square 
BY Ranpom 
CoMPLETE 

Brock ANALYsIs 


DecREEs 
or Maan 
FREEDOM SQuaRE 





Between replications 2 241 
Between varieties 99 526 


A eye blocks) 
B s (adjusted) 27 170 
Intra-block error 171 48 





” 


Varietal averages are adjusted for a “‘t 
test, according to the specific blocks in 
which they occur. Adjustments were not 
large, seldom over 2 per cent; 6 per cent 
was the maximum possible. Standard er- 
rors of mean differences are computed as 
5.86 per cent for pairs of varieties occur- 
ring together in some block, and 5.96 per 
cent for others. (For the simple random 
block analysis the figure is 6.58 per cent. 
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Efficiency as compared with that from 
randomized complete blocks is estimated 
as in the neighborhood of 120 per cent. 
The three replications were nearly as 
good as four would have been with the 
simpler design. 

The small blocks tended to show real 
differences reflecting local variation. The 
insects were migrants. It is sometimes 
true that incoming migrants distribute 
themselves widely but there is often some 
directional effect. Some varieties showed 
marked resistance. 

A second opportunity to try one of 
these designs was afforded by experiments 
conducted by G. W. Barber and F. F. 
Dicke at Toledo, Ohio, in 1943 on varietal 
susceptibility of different strains of corn 
to the European corn borer. A large 
number of strains were to be tested. For 
several experiments, of about 50 to 150 
varieties each, simple lattice designs were 
suggested. Borer population was to be the 
criterion. The device of artificial or man- 
ual infestation was to be used, to be sure 
of a good test. This, if it were the major 
source of infestation, would do away with 
much of the local field variation. However, 
natural infestation has been rising to im- 
portant levels in this area and shows 
local variation. Reaction of plants to 
infestation may also show such variation. 
The lattice design would not be profitable 
if no loeal variation occurred, but carries 
very little risk of loss of efficiency as 
compared with complete blocks. 

The season was an extraordinary one; 
May was exceptionally wet and no corn 
could be planted till June 8. Natural in- 
festation was reduced by the lateness of 
the crop. All strains gave rather similar 
results, and few conclusions could be 
reached. Results of one experiment of 49 
strains, replicated 4 times in a simple 
lattice, were sent in for study. The experi- 
menters stated that this was as good as 
any of the tests in results. Plots included 
5 plants each; total borers were from 7 
to 20 per plot. Unmodified counts are 
used in analysis. Transformation might 
he believed to be needed, but tentative 
analysis of logarithms failed to show any 
change in results. 

The summary of analysis is given in ta- 
ble 1. No significant differences and no 
gain in efficiency for the lattice could be 
detected. The replication areas showed 
some differences. The small blocks showed 
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a tendency to differ, but with plots as 
small as these and the somewhat abnor- 
mal conditions of the year the use of small 
blocks gave no benefit. 


Table 1 








MEAN SQuARE 
as Ranpom 
CoMPLETE 

BLocks 


DeGREES 
OF MEAN 
FREEDOM SQuaRE 





276.0 
24.4 


276.0 


Between replications 3 
24.4 


Between strains 48 
(ignoring blocks) 

Between blocks 24 
(eliminating strains) 

Intra-block error 120 


41.3 _— 
24.1 





In two replications the plots had addi- 
tional plants subjected to natural in- 
festation only. These were analyzed sepa- 
rately, as shown in Table 2. 


Table 2 








MEAN 
SQUARE 


DEGREES OF 
FREEDOM 


SOURCE OF 
VARIATION 








Replications 1 420.5 

Strains 48 45.6 
(ignoring blocks) 

Blocks 12 74.1 
(eliminating strains) 

Error (intra-block) 


28.8 





The tendency to show strain and block 
differences seemed greater, and a slight 
gain in efficiency is suggested, although 
significant strain differences did not ap- 
pear. 

It may be of interest to add that the 
plots manually infested in these two repli- 
cations showed a difference approaching 
significance, when adjusted by covariance 
for natural infestation. The difference in 
reaction to artificial infestation alone is 
shown by this test. 

A third test of incomplete block de- 
signs was made in 1944 in cotton insect 
work, by C. F. Rainwater at the Florence, 
S. C., laboratory of the Bureau. There 
were 16 insecticidal treatments arranged 
in a lattice square with 5 replications. The 
criteria were percentage of squares at- 
tacked by the weevil, aphids per leaf (of 
standard position on the plant), and crop 
yield. The experiment went off smoothly. 
Boll weevil population was rather low 
and aphid populations moderate. Yield 
was not very variable and was not af- 
fected significantly by treatments. Insect 
counts were made at intervals through the 
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summer, but the three made in August 
were averaged for analysis. At the time of 
these counts the treatment effects had had 
time to show up. Both percentage of 
squares attacked and aphid counts were in 
a range which could well be analyzed 
without transformation. 

Analysis by the method discussed by 
Weiss & Cox (1939) based on Yates’ 
earlier work failed to show much gain 
in efficiency over randomized complete 
blocks; but analysis by Yates’ method 
(1940b), with recovery of inter-block in- 
formation, showed a moderate gain with 
the insect populations. This may be ex- 
pected, especially with cases of n+1 repli- 
cations. Analysis is shown in table 3. 


Table 3 





M &AN SQUARE 


Aphid Boll 
me weevil 
ation attack 


Source or VARIATION 
7.4 
90.: 
73. 
42.6 
68. 
37.§ 
18. 


Squares 
Treatments 
Rows, eliminating trtmt. 
Not fully |Columns eliminating trtmt. 
additive) Rows, elim. trtmt. & col. 
| Columns, elim. trtmt. & rows 
Error 


2 ee eee 





Adjustment factors were computed for 
treatments and did not give large shifts. 
With the boll weevil attack, significant 
differences appeared, though they were 
not marked, by analysis either as above 
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or as complete blocks. The lattice-square 
analysis gave a little greater discrimina- 
tion. With aphid population, marked dif- 
ferences betweeen treatments appeared. 
Using complete block analyses or the 
earlier lattice-square method, the differ- 
ences recognizable were limited to those 
between two groups of treatments, having 
high and low populations. Using Yates’ 
1940 method, some discrimination within 
each group was possible. The efficiency 
gain as compared with that from complete 
blocks was estimated as about 15 per 
cent for aphid population, and near 50 
per cent for the boll weevil. The lattice 
square gave a gain equivalent to that 
obtainable from 1 or 2 additional replica- 
tions with complete blocks. 

Conc.usions.—It seems from these 
preliminary trials that insect populations 
and their activities tend to vary locally, 
and that there is a chance for some im- 
provement in precision from use of incom- 
plete block designs. The improvement so 
far has been moderate; a gain of efficiency 
equivalent to that obtainable from addi- 
tion of another replication, in ordinary 
tests, is suggested as likely. Where crop 
yield is a criterion also, it may show on 
variable soil more improvement than this. 
These designs evidently deserve consid- 
eration in insect problems when large 
numbers of treatments are to be tried in 
field plots. 
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SixtH ANNUAL SOUTHERN PCO 
CONFERENCE 


The sixth annua! conference of the Southern Pest 
Control Operators is scheduled to be held at Louisi- 
ana State University, at Baton Rouge, on February 


14, 15 and 16. 





Compatibility of Cryolite and Copper Fungicides 


Grorce Wenz and W. A. Rawuins, Cornell University, Ithaca, N. Y. 


Cryolite, sodium fluoaluminate, has 
found more extended usage in the past 
two years than heretofore as an alterna- 
tive insecticide to replace rotenone bear- 
ing sprays and dusts. The insecticidal 
value of cryolite and its uses for insect 
control have been reviewed by Marco- 
vitch & Stanley (1942) who conclude that 
this material has marked advantages over 
the arsenicals. They caution, however, 
that eryolite should not be used with 
strong alkalis or acids as chemical changes 
may reduce toxicity to insects or result in 
plant injury. 

For pest control on many plants it is 
advantageous to use a combination of 
insecticide and fungicide. Compatibility 
of the two is a requisite for proper protec- 
tion. Since specific information on the 
compatibility of cryolite and copper 
fungicides seemed to be lacking, labora- 
tory and field studies were made on com- 
binations of ecryolite and the more com- 
mon fungicides used in disease control. 

MATERIALS AND Metuops.—The Mexi- 
can bean beetle was the test insect used 
in the laboratory studies utilizing the 
technique described in an earlier paper 
Wene & Hansberry 1944). Only brief 
mention need be made of the testing 
procedure as the methods used are well 
standardized. 


The combination of cryolite and copper 
fungicide was sprayed on the underside 
of bean leaves and allowed to dry thor- 
oughly before the leaves were placed, 
sprayed side up, in culture dishes. Bean 
beetle larvae of one age group were trans- 
ferred to the dishes and allowed to feed 
for certain specified periods depending on 
the intent of the experiment. Mortality 
records were taken at daily intervals at 
which time the leaves were replaced with 
fresh ones. 

Micronized natural cryolite (Kryocide) 
containing at least 90 per cent sodium 
fluoaluminate was combined in water 
suspension with the coppers shortly be- 
fore use. The mixtures were not allowed 
to stand for more than 30 minutes. The 
concentrations of copper corresponded to 
those generally used in the field or recom- 
mended by the manufacturer. Copper 
contents of the various spray mixtures, 
therefore, varied considerably but in no 
case was there less than one pound of 
metallic copper per 100 gallons of spray. 

Readings of the pH of the fungicide 
suspensions were taken before and after 
addition of the cryolite. Fixed copper 
sprays read very close to the neutral point 
whereas bordeaux mixture was very basic 
in reaction. The addition of cryolite 
slightly reduced the pH values, but not 


Table 1.—The mortality of Mexican bean beetle larvae feeding for 5 days on bean leaves sprayed 





with mixtures of cryolite and copper fungicides. 





6 Las. CRYOLITE IN 
100 Gat. H,O Pius 


Per Cent Mortauity in Days 


3 4 5 


Third Instar 


17.0 
8.0 
$0.0 
35.0 
0.0 
0.0 
37.0 


1.5 lbs. Yellow Cuprocide* 
6lbs. COCS 

3 lbs. S praycop 

3 lbs. Basi cop 

10-10-100 bordeaux 
10-5-100 bordeaux 
Kryocide (alone) 


45 
33 
62 
54 

3 


36 


94. 
96 
98 
95. 
69. 
58. 
95. 


5 78 
3 74 
6 95. 
5 86. 
0 41 
= 39. 
4 88. 


98.2 

93. 

95. 
100. 


CO wm Or tO -2 Gr 2 
wKHow DRO 


Fourth Instar 


.0 
.0 
.0 
.0 
0 
.0 
0 


1.5 lbs. Yellow Cuprocide 
6lbs. COCS 

3 lbs. “ praycop 

3 lbs. Basi cop 

10-10-100 bordeaux 
10-5-100 bordeaux 


Kryocide (alone) 


4 
1 
5 


10 
0 
9 


4 


9 


.0 
.0 


0 
0 
12 


16. 


0 


0. 
17. 


Sed 


59.5 : 73. 
67 .§ 86.1 
67. 89 .¢ 
65.5 $2.3 
25. 69.6 

60.8 


$2. 
63. 81.0 


$2. 
.0 39. 
9 $1. 
l 41. 
0 0. 
0 0. 
2 37. 


.0 





) ellow Cuprocide—Rohm and Haas; COCS 


Ba 


: Niagara Sprayer and Chemical Company; Spraycop 
p—Sherwin Williams; Kryocide—Pennsylvania Salt Mfg. Company. 


General Chemical Company; 
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Table 2.—The mortality of Mexican bean beetle larvae feeding 1, 3 and 5 days on bean leaves 





sprayed with a mixture of cryolite and copper fungicides. 





Days oF - 
FEEDING 1 


6 uss. Kryocide 1x 
100 Gat. N,O Pius 


il 
4 


.0 
.0 
0 
.O 


1.5 lbs. Yellow Cuprocide 
3 Ibs. Spray cop 
10-10-100 bordeaux 
Kryocide (alone) 


Per Cent Mora ry in Days 


3 


4 


2 





Third Instar 


33. 
27 

0. 
30. 


42. 
44. 

1. 
41. 


18. 
ll. 

0. 
17. 


coco 





1 5 Ibs. } ‘ellow | C wprecide 
3 lbs. Spraycop 
10-10-100 bordeaux 
Kryocide (alone) 

1.5 lbs. Yellow Cuprocide 
3 Ibs. Spraycop 
10-10-100 bordeaux 


K ryocide (alone) ») 22.0 


81. 
77. 
10. 
76. 


41 
34. 

2. 
50. 


77. 
9.6 
78. 


.0 
.0 


coco 


95. 
41.5 
88.3 


100:0 
100.0 

93.7 
100.0 


94.0 
98.8 
69.0 
95.2 


1060.0 
100.0 

92.0 
100.0 


45. 
62. 
3. 


= 
‘ 

~ 
‘ 


Boon 


37.0 





0. 
0 


0 
0 
0 
.0 


1.5 lbs. Yellow Cuprocide 
3 lbs. Spraycop 
10-10-100 bordeaux 


Fourth Instar 


2.0 
1.0 
.0 : 
.0 : : 6 1 





Kryocide (alone) 
1.5 lbs. Yellow Cuprocide 
3 lbs. Spraycop 
10-10-100 bordeaux 


Kryocide (alone) 


34. 

31. 
0. 

44. 


.0 
.0 
0 
.0 





1.5 Ibs. Yellow Cupreside 
3 Ibs. Spraycop 
10-10-100 bordeaux 
Kryocide (alone) 


66. 
66. 
38.6 
75.9 





enough to produce marked changes in the 
mixtures. 

As a precautionary measure spray de- 
posits were checked to detect possible 
discrepancies due to effects of the various 
ingredients on spray delivery. No signifi- 
sant differences were noted between de- 
posits; the average calculated amount of 
cryolite approximated .03 mg. per square 
centimeter of area. 

A single field experiment was conducted 
on potatoes for control of the Colorado 
potato beetle, Leptinotarsa decemlineata. 
The spray combinations were applied 
with field equipment at the time infesta- 
tions were near peak. Mortality was esti- 
mated by counting dead and living larvae 
at random stations in each plot. 

Resvutts AND Discussion.—Toxicity 
of eryolite with copper fungicides to third 
and fourth instar larvae of Epilachna 
varivestis was determined in separate 
series of tests. A total of 100 individuals 
divided into four replicates were used for 
testing each combination. The larvae were 
allowed to feed on sprayed foliage for 5 


days, then transferred to unsprayed 
leaves for the remaining days of the test 
period. The data have been adjusted by 
means of Abbott’s formula to correct for 
mortality in the check series; hence oc- 
casional discrepancies appear in the ac- 
cumulative death toll from day to 7 
It is evident from the data (T able 1 

that cryolite is a slow acting poison re- 
quiring 3 to 5 days to produce more than 
50 per cent mortality of third and fourth 
instars respectively. Previous to the fifth 
day of the experimental period apparent 
differences exist among the fixed copper- 
cryolite combinations. These differences 
apparently are of little significance since 
mortalities are about equal on the fifth 
day for all combinations except cryolite- 
bordeaux. The accumulative mortalities 
for the cryolite-bordeaux mixture was 
less during the entire period of the experi- 
ment being particularly pronounced dur- 
ing the first 3 days. While the addition of 
bordeaux to cryolite does not completely 
destroy its toxicity, its action is definitely 
delayed and a longer time is required for 
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a specified kill than in the case of the fixed 
coppers. 

That some changes occur in the cryo- 
lite-bordeaux mixture thereby adversely 
affecting its toxicity seem evident from 
a percursory examination of the leaf tis- 
sues consumed by the larvae in the vari- 
ous series. Considerably more feeding was 
noted on leaves sprayed with cryolite- 
bordeaux than in the case of any other 
combination. In proportion to the amounts 
ingested, therefore, the eryolite-bordeaux 
‘coating was not as toxic as the other 
combinations. 

This is more clearly indicated in a sec- 
ond series of experiments in which the 
lengths of the feeding periods were varied 
from 1 to 5 days. The larvae were allowed 
to feed on sprayed foliage for prescribed 
lengths of time and then were transferred 
to untreated leaves. Noting the data in 
table 2, the mortality of larvae feeding on 
cryolite-bordeaux sprayed foliage for 1 or 
$ days is seen to be approximately equal 
to the checks whereas kills with the other 
cryolite combinations were considerably 
higher. A very pronounced increase in kill 
was obtained when larvae continued to 
feed on eryolite-bordeaux sprayed foliage 
for 5 days although mortalities in this 
treatment series were less than in case of 
the other combinations. 

The data obtained from the field ex- 
periment substantiated the laboratory 
results except that Colorado potato beetle 
larvae were more susceptible to cryolite 
poisoning than bean beetle larvae. The 
mortality from the cryolite-bordeaux mix- 
ture was less at the 24-hour period fol- 
lowing application than the kills of the 
other two combinations (Table 3), but the 
count taken on the third day indicated 
little or no difference between combina- 
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Table 3.—Comparison of the toxicity of cryo- 
lite when used with fixed coppers and bordeaux 
mixture for control of the Colorado potato beetle. 








Per Cent Mortatirty in Days 





Cryouite! Pius 1 2 
Yellow Cuprocide 60 65 
Tennessee Tribasic 59 66 
Bordeaux 8—4—100 21 60 





1 Alorco synthetic cryolite 6 Ibs. per 100 gallons. 


tions. Bordeaux seemed to delay toxic 
action rather than reduce the toxicity of 
the cryolite used with it. No measure of 
the amount of foliage consumed by the 
larvae after spray appplications could be 
taken; therefore, no indication of differ- 
ences in injury between treatments is 
possible. 

SumMARY.—Combining a number of 
commercial fixed copper compounds with 
natural ecryolite (Kryocide) did not ad- 
versely affect the toxicity of the latter to 
third and fourth instar Mexican bean 
beetle larvae. Bordeaux delayed and de- 
creased toxic action but did not make the 
cryolite impotent. Considerably more 
feeding was evident on bean leaves 
sprayed with cryolite-bordeaux than in 
the case of the cryolite-fixed copper com- 
binations. Evidence thus points to the 
possibility of a change in the cryolite 
when combined with bordeaux, a change 
that is not evident in the fixed copper 
mixtures. 

In a single field experiment for control 
of the Colorado potato beetle bordeaux 
delayed toxic action of the cryolite, but 
did not materially reduce final mortality 
in comparison with kills obtained by two 
fixed copper combinations.—11-26-45. 
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Dr. W. E. Dove 


Dr. W. E. Dove has resigned his position with the 
Bureau of Entomology and Plant Quarantine where 
he was in charge of investigations dealing with in- 
sects affecting man and domestic animals and has 
joined the staff of Dodge and Olcott of New York. 
Dr. Dove will be in charge of the research program 
in entomology sponsored by this firm. 





Modification of the Geraniol and Eugenol Content 
of Japanese Beetle Bait 


Martin H. Mumma, Georce S. LANGrorp, and Ernest N. Cory 


The war has so upset the normal sup- 
plies of geraniol and eugenol, the attrac- 
tants used in the present beetle bait, that 
some modification of the old formula is 
essential. The cost of both geraniol and 
eugenol is becoming prohibitive for use on 
the same basis as in the past. Supplies of 
geraniol are already limited, and the pros- 
pects of obtaining the grade desired is 
uncertain. Satisfactory relief tvill prob- 
ably not come until after the war. 

For several years studies have been con- 
ducted at the University of Maryland on 
materials attractive to the Japanese 
beetle. Since 1942 and after the war 
threatened normal supplies, intensive 
studies have been made to find substitutes 
for the geraniol and eugenol combination. 
While it has not been possible, as yet, to 
entirely eliminate both of these materials, 
effective baits have been prepared by 
drastic modification of the old formula. 
This has been accomplished by the use of 
white mineral oils as diluents in geraniol- 
eugenol mixtures and by utilizing or sub- 
stituting in the mixture other known 
attractants. 

Metuops.—The attractiveness of all 
baits was studied under field conditions in 
standardized Japanese beetle traps. All 
equipment, other than bait, was identical 
in each test. The traps were spaced 10 feet 
apart in linear batteries. Each battery was 
composed of one trap containing the 
standard formula, one empty and three to 
four containing test baits. The size of the 
batteries was uniform for each test and 
batteries usually were replicated three 
times. All traps in each battery were ro- 
tated daily to overcome the effects of 
masking and trap location. 

The geraniol-eugenol bait has been des- 
ignated as the standard formula and in 
these studies consisted of a nine to one 
mixture. The mineral oil diluents used 
were Deobase oil and light white mineral 
oil (Saybolt viscosity 125 to 135). In all 
dilutions of geraniol-eugenol baits equal 
parts of these oils were used as this mix- 
ture approached the evaporation rate of 
the standard. In order to stabilize and 
reduce the evaporation rate of the very 


volatile materials, caproic acid, ethy] 
caproate and phenyl ethyl butyrate were 
diluted fifty percent with light white 
mineral oil before being mixed in baits. 

Munerat O1rs as Ditvents.—Data 
published by the authors in 1944 indicated 
that the standard bait, consisting of 9 
parts of geraniol and 1 part of eugenol, 
could be diluted up to 50 per cent with 
equal parts of Deobase oil and light white 
mineral oil without materially affecting 
efficiency. Results this past season sub- 
stantiated this finding. Over a period of 7 
weeks 100 replications each of 30 and 50 
per cent diluted bait compared with 100 
replications of standard had total beetle 
catches as follows: 30 per cent dilution 
424,037; 50 per cent dilution 428,929, and 
standard (not diluted) 439,688. 

The possibility of modifying the stand- 
ard bait by changing the proportion of 
geraniol to eugenol was demonstrated first 
by Fleming & Burgess in 1940. They 
pointed out that if the eugenol content 
was increased a more attractive bait was 
obtained. However the cost of eugenol at 
that time in comparison with that of 
geraniol necessitated a balance of econom- 
ics against efficiency. Under present con- 
ditions the cost of geraniol exceeds that of 
eugenol, thus making it economical to 
increase the eugenol content in bait. 

Research by the authors indicated that 
equal parts of geraniol and eugenol made 
an effective bait and that dilution up to 
50 per cent with Deobase and light white 
mineral oil, was feasible. On the basis of 
this work, and as an economy means, a 
bait consisting of equal parts of geraniol 
and eugenol diluted 30 per cent with equal 
parts of Deobase oil and light white min- 
eral oil was used for field work in approxi- 
mately 50,000 traps in Maryland in 1944. 
Comparative tests substantiated the at- 
tractiveness of this modified bait. Thirty 
replications of modified bait compared 
with 30 of the standard showed a 40.2 per 
cent increase in attractiveness for the 
modified bait. The traps containing the 
modified bait caught a total of 32,778 
beetles as compared with 23,372 beetles 
for traps with the standard. 
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Table 1.—Comparative efficiency of modified Japanese beetle bait formulae for conserving and re- 
placing geraniol and eugenol. 








Diluted Standards 
Oil mixture 3 parts—Standard 7 parts 
Oil mixture 5 parts—Standard 5 parts 
Standard (no dilution) 


Modified Standard Diluted 
Oil mixture 3 parts 
Standard 


Substitute Attractants 
Caproic acid and oil (50-50) 9 parts 
Caproic acid and oil 9 parts—Geraniol 1 part 
Caproic acid and oil 9 parts—Eugenol | part 
Standard 


Phenyl ethyl butyrate and oil 9 parts 


Phenyl ethyl butyrate and oil 9 parts 
Standard 


Ethyl caproate and oil 9 parts—Standard 1 part 
Ethyl caproate and oil 9 parts—Geraniol 1 part 
Ethyl caproate and oil 9 parts—Eugenol 1 part 
Standard 


Anethol 9 parts—Standard 1 part 
Anethol 9 parts—Geraniol 1 part 

Anethol 9 parts—Eugenol 1 part 

Standard 


Citral 9 parts—Standard 1 part 
Citral 9 parts—Geraniol 1 part 
Citral 9 parts—Eugenol 1 part 
Standard 


Geraniol-Eugenol mixture (50-50) 7 parte| 2,77 104. 
| r 7 


Standard bait 1 part 


Standard 1 part 
Phenyl ethyl butyrate and oil 9 parts—Geraniol 1 part 
Eugenol 1 part 


Per CENT OF 
STANDARD 


BEETLES 
ATTRACTED 


424,087 | 96. 
428 926 | 97. 
439 , 688 100. 


100. 


23,318 106.5 
17,613 80.5 
21,887 100. 


22 850 104. 


25,093 95. 
26, 084 76. 
16, 248 61.5 
26 , 207 100. 


24 023 80. 
20,702 69. 
18, 560 57. 
29,911 100. 


27,012 76. 
18,071 51. 
29 , 333 83. 
35,241 100. 


29,188 71. 
15,126 37. 
25,130 61. 
40,701 100. 





OrnHerR ATTRACTANTS IN THE GERANIOL- 
Evcenot Mixture.—Work at the Uni- 
versity of Maryland has shown that many 
chemicals including certain alcohols, acids, 
esters and oils were attractive to the 
beetle. In 1943 Langford et al. pointed out 
that some attractants when mixed had an 
additive value, several even exceeding the 
sum of attractive values of the constit- 
uents. Several attractants have given 
favorable results when used in combina- 
tion with either or both geraniol and 
eugenol. Caproic acid, ethyl caproate, 
phenyl ethyl butyrate, anethol and citral 
all show good attractive values when 
mixed in a ratio of nine to one, with either 
geraniol, eugenol or standard bait. 

Caproic acid, ethyl caproate and pheny! 
ethyl butyrate are quite volatile and it is 
essential that their rate of evaporation be 
reduced. In these studies this was accom- 
plished by mixing with equal parts of light 
white mineral oil. 

Caproie acid stabilized with oil was the 
most effective of the materials tested. 


When mixed at a ratio of nine to one with 
either geraniol alone, or with standard 
bait it had an attractive value equivalent 
to or greater than the standard. Mixtures 
in the same ratio with eugenol were less 
attractive. They were about 80 per cent 
as attractive as standard bait. 

The esters, phenyl ethyl butyrate and 
ethyl caproate, when used at the ratio of 
nine to one with standard bait compared 
quite favorably to standard. There was 
some fluctuation between comparative 
values in different locations, but the vari- 
ation was well within that obtained with 
the standard. Phenyl ethyl butyrate was 
the most attractive of the two materials. 
When mixed with standard it gave com- 
parative values that varied between 89.2 
per cent and 112.7 per cent on the basis of 
100 per cent for the standard. Ethyl 
caproate varied from 70.5 per cent to 
105.4 per cent. With geraniol the average 
values were 76.6 per cent for phenyl ethyl 
butyrate and 69.2 per cent for ethyl 
caproate. Results with eugenol were not 
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consistent, location seeming to materially 
affect comparative values. Eugenol mix- 
tures of esters appeared to be most at- 
tractive when used in the vicinity of fa- 
vored food plants. The value for ethyl 
caproate was 93.4 per cent while that for 
phenyl ethyl butyrate was 98.7 per cent. 
In a series isolated from favored food the 
values for both materials fell to 49.8 per 
cent. The average values were 61.9 per 
cent for phenyl ethyl butyrate and 57.8 
per cent for ethyl caproate. 

Fleming & Chisholm (1944) recently 
suggested anethol as a substitute for ge- 
raniol in Japanese beetle bait. This mate- 
rial is decidedly promising as a replacement 
for geraniol. Used with eugenol its attrac- 
tive value was 83.2 per cent. It was not 
sufficiently attractive for practical consid- 
eration when combined with geraniol 
alone, kut when combined with standard 
bait the attractive value was 76.6 per cent. 

Citral, an optical isomer of geraniol, al- 
though not as effective a replacement 
material as either caproic acid or anethol 
had an attractive value of 71.7 per cent of 
the standard when mixed at a nine to one 
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ratio with the standard. Its attractive 
value with eugenol was 61.7 per cent. 

SumMMARY.—Studies on the modification 
of the present Japanese beetle bait for- 
mula with the objective of conservation or 
the replacement of the present limited and 
costly supplies of geraniol and eugenol, 
particularly geraniol, indicate that this 
may be partly accomplished in three ways. 
First, the present bait, composed of 
geraniol and eugenol, may be diluted fifty 
per cent with equal parts of Deobase oil 
and light white mineral oil. This dilution 
does not materially affect the attractive 
qualities of the bait. Second, the present 
ten to one ratio of geraniol and eugenol 
may be shifted to a one to one mixture 
which may be diluted thirty per cent with 
mineral oils causing no reduction in at- 
tractive value. Third, substitute ma- 
terials may be used to replace all or nearly 
all of the geraniol in the mixture. Of the 
substitutes tested caproic acid and anethol 
were quite effective, with citral somewhat 
less desirable. Two esters: ethyl caproate 
and phenyl ethyl butyrate show possibili- 
ties and may prove efficient. 
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A New Chlorinated Hydrocarbon Insecticide 


C. W. Kearns and Lester Inoue, University of Illinois, and 
Rosert L. Mercaur, Tennessee Valley Authority 


A chlorinated hydrocarbon having the 
empirical formula CyoH,Cl;' has been 
found to be more toxic than DDT? and 
to compare favorably in toxicity to the 
pure y isomer of benzenehexachloride 
(Taylor 1945) to a number of species of 
insects. This compound which will here- 
after be referred to as “‘1068”’ is possibly 
a mixture of isomers which as yet have 
not been resolved and evaluated indi- 
vidually. A more complete description of 
the chemical structure will be presented 
in the near future as soon as certain 
features have been clarified. Meanwhile, 
the remarkable toxicity of the material 
and the possibility of its immediate use as 
an insecticide have prompted us to report 
on the insecticidal properties of 1068. The 
purpose of this paper is to report labora- 
tory tests with 1068 on several species of 
insects which will serve to indicate a few 
of its possible fields of usefulness. For 
comparative purposes parallel tests have 
been made with DDT and in some cases 
y-benzenehexachloride. 

The compound can be isolated readily 
as a viscous, colorless, odorless liquid 
boiling at 175° C. at 2 mm. pressure. This 
liquid which is at least 99 per cent pure 
has shown no tendency to be irritating to 
the skin or mucous membranes. The 
compound 1068 is readily soluble in all 
proportions in most organic solvents such 
as aromatic, aliphatic, and chlorinated hy- 
drocarbons, ketones, ethers, esters, and 
alcohols but is insoluble in water. Of un- 
usual interest is the complete miscibility 
of the material with deodorized kerosene 
commonly used in insecticide formula- 
tions. Like DDT and y-benzenehexachlor- 
ide 1068 has the property of dehydrohalo- 
genating readily in the presence of weak 
alkali to form a product which apparently 
is non-toxic to insects. For this reason it 
should be considered incompatible with 
materials having an alkaline reaction. It 
has low volatility, being intermediate be- 
tween DDT and y-benzenehexachloride. 

The compound, 1068, may be formu- 
lated for insecticidal use as an oil solu- 
t Velsicol Corporation, Chicago, Illinois, U.S.A. Patents pend- 


* Geigy Company, Inc., New York City, U.S. Patent. No 
2,329,074. 


tion, an oil emulsion, a dust, or a dispers- 
ible liquid. Nearly any type of suitable 
oil carrier may be used to make a solution 
of 1068 of any desired strength because of 
its miscibility. Solvents which are most 
convenient are kerosene, deobase, fuel oil, 
xylene, and methylated naphthalenes. 
The addition of small amounts of oil- 
soluble emulsifiers such as Triton-X-100, 
Duponol OS, or Atlas G1036 to such oil 
solutions makes emulsion concentrates to 
which may be added any desired amount 
of water. Also 1068 may be emulsified 
directly in water by the addition of a 


Table 1.—Comparative toxicity of 1068 and 
DDT to Aphis spiraecola. 











Per CENT 
MortTaLity 
24 Hours 


Ditution No. or No. or 
gm./ml. Trsts APpuHrips 


Com- 
POUND 





1068 


DDT 


1-800 311 
1-800 231 


1068 
DDT 


1-1000 859 
1-1000 734 


1-1200 262 
1—1200 237 


1068 


DDT 


1—2000 974 
1-2000 691 


1068 


DDT 


1-4000 894 
1-4000 890 


1068 
DDT 


1-6000 180 
1-6000 4 232 


1068 
DDT 


1-8000 260 
1-8000 261 


1068 
DDT 


Control! 6 





1 A solution of 3 parts acetone and 1 part water. 


soluble emulsifier; however, in this case 
higher percentages of emulsifier must be 
used. Dusts containing 5 per cent or less 
of active ingredient can be prepared by 
impregnating the material on tale, clays, 
or other non-alkaline carriers. 

Unless otherwise specified in the text, 
the insecticidal materials used were all 
chemically pure. The melting point of the 
DDT (2,2-bis(p-chloropheny])-1,1,1-tri- 
chloroethane) used was 105—108° C.; the 
melting point of the y-benzenehexachlo- 


661 





662 


ride was 110 to 112° C., and the sample of 
1068 was a clear liquid boiling at 175° C. 
at 2 mm. pressure. 

The tests were made by standard ento- 
mological procedures as are detailed 
herein. The methods and formulations 
selected for any given species were those 
which appeared to give the least variable 
results, while at the same time approxi- 
mating actual field control methods. 

Apuip Tests.—It was found by pre- 
liminary trials that both DDT and 1068 
are readily dispersible in a 75 per cent 
acetone water solution and that this solu- 
tion without the active compounds could 
be applied to aphids in sufficient quantity 
to wet them thoroughly without causing 
any mortality. The tests reported in 
table 1 on the spiraea aphid (Aphis 
spiraecola Patch) were made by treating 
infested terminal sections of the plant with 
approximately 5 ml. of atomized spray 
mixture. The cut ends of the treated in- 
fested twigs were then placed in a vial of 
water and stoppered with cotton to pre- 
vent the aphids from falling into it. Mor- 
tality counts made 24 hours after treat- 
ment were based only on the mature 
wingless forms which were found both on 
the plant and on a tanglefoot bordered 
paper upon which the treatments were 
placed. Any insects able to move when 
lightly touched with a camel’s hair brush 
were counted as being alive. 

Pea aphid (Macrosiphum pisi) tests 
made in the same manner produced re- 
sults so variable as to make the method 
unusable. This may have been due to 
considerable heterogeneity in the culture, 
effects of plant on spray deposition, or 
other factors. Less variable results were 
obtained by removing wingless adult 
aphids from the plant and spraying them 
on cheesecloth stretched over embroidery 
hoops. After the spray had dried the 
aphids were transferred to previously 
sprayed pea leaves and confined in a 
moist chamber. 

The results of tests on the spiraea aphid 
(Table 1) and pea aphid (Table 2) show 
that 1068 is several times more toxic than 
DDT to these insects. It would seem that 
the pea aphid is the more resistant of the 
two species to both DDT and 1068. 

Tests with CoLvorapo Potato BEETLE 
LarvAk, Leptinotarsa decemlineata Say.— 
Potato leaves were sprayed with the ac- 
tive compounds dispersed in a solution 
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of three parts acetone and one part water. 
The leaves were allowed to dry and the 
untreated larvae placed on them and 


Table 2.—Comparative toxicity of 1068 and 
DDT to the pea aphid. 








Per Cent 
Mortatity 
48 Hours 


Per CENT 
Mor TALity 
24 Hours 


Di.vut10N 
Compound gm./ml. 


1-250 97 100 
1-250 60 80 


1068 
DDT 


1-500 91 100 
1-500 68 89 


1068 
DDT 


1-10C0 85 94 
1-1000 42 80 


1068 
DDT 


1—2000 
1-2000 


1068 
DDT 


1—4000 
1—4000 


1068 
DDT 


Control* 





1 Three tests, each containing 20 aphids were made with each 
dilution. , 
? A solution of 3 parts acetone and 1 part water. 


maintained in a moist chamber for the 
duration of the test period. In_ these 
tests, the results of which are shown in 
table 3, most of the mortality resulted 
from contact with the treated foliage. 
Apparently 1068 acted as a greater deter- 
rent to feeding than did DDT as is shown 
by the relative amounts of foliage con- 
sumed, but this may in part be due to 
its greater toxicity. 

Tests on ApuLt SquasH Buas, Anasa 
tristis Deg—The results presented in 
table 4 are for the most part self-explana- 
tory both in methods and results. They 
show that DDT even though applied in 
various ways is relatively ineffective to 
the adult squash bug, whereas 1068 is 
markedly effective regardless of the 
method of application. 

Resipva Toxicity Tests To ANOPHE- 
Line MosquiTroes.—The residual toxicities 
of 1068, DDT, and benzenehexachloride 
were compared by applying to 6-inch 
squares of wallboard the materials as 
emulsified xylene solutions containing 
5 per cent of the active compounds. 
These were tested for toxicity at intervals 
by confining 2-day old female Anopheles 
quadrimaculatus under half petri dishes so 
that the insects were forced to contact the 
treated surfaces. At least 20 female insects 
were used in each test and the time re- 
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Table 3.—Comparative toxicity of 1068 and DDT to the Colorado potato beetle larva.' 








Per CENT Per CENT Per Cent RewLative AMOUNTS 
DILUTION Mor TAtity Mor TALity MortTALity FouLiaGE 
ComMPoUND 24 Hours 48 Hours 72 Hours CoNnsUMED 


1068 40 80 100 none 
DDT 00 30 80 + 


1068 1—1000 20 50 90 T 
DDT 1-1000 0 40 60 ++ 


1068 1—2000 30 + 
DDT 1—2000 20 ++ 


1068 1-—4000 ( + 
DDT 1-4000 ( 


Control? 





! Three tests, each containing 10 third or fourth instar larvae, were made at each dilution. 
? A solution of 3 parts acetone and 1 part water. 


Table 4.—Comparative toxicity of 1068 and DDT to the adult squash bug.' 








Dust Mas. Dust Per Cent Mortatity 
Per CENT Deposit DILUTION - -—- - . 
CoMPOUND Conc. sq. cm. gm./ml. 24 hours 48 hours 72 hours 


A. 1068 d 45 38 100 


7 
DDT : .52 0 lg 26 


1068 45 26 ¢ 100 
DDT .62 0 13 


1068 : : vf SS 
DDT ‘ ‘ ls 13 


1068 88 


DDT bi 13 13 
Tale 


. 1068 
DDT 


Tale 


1068 1-1500 
DDT 1-1500 


ControF 


. 1068 1—1500 
DDT 1-1500 


Control? 





A. Leaves dusted on upper surface in dust tower (Waters, 1937) and untreated squash bugs placed on 
leaves. 
Squash bugs rolled in dust and placed on untreated leaves. 
\ concentrate consisting of equal parts by weight of active compound. A mixture of Triton X-100 and 
xylene was emulsified in water and sprayed on leaves, upon which untreated adults were confined. 
Same as C except both leaves and squash bugs sprayed with emulsion. 


' Two tests consisting of 10 adults each were made for each dilution 
* A solution of 2 parts xylene and 1 part Triton X-100 diluted 1-500 in water. 
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quired for total knockdown was used as 
an index of rate of action and loss in toxic- 
ity of the surface due presumably to 
volatility and/or absorption DDT and 
1068 were applied at 200 mg. per square 
foot, but due to the low solubility of the 
sample of benzenehexachloride used which 
was only 40 per cent active gamma isomer, 
only 100 mg. of this isomer could be 
applied per sq. ft. without greatly in- 
creasing the amount of liquid applied. 
The results of a typical series of tests are 
given in table 5. 

The results indicate that DDT is the 
most permanent toxic surface while ben- 
zenehexachloride is the least permanent, 
with 1068 intermediate. These results are 
in agreement with preliminary volatility 
measurements which show 1068 to be 
considerably more volatile than DDT. 
All three materials, however, appear to 
be effective at the dosages used for a 
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Table 5.—The residual toxicity of DDT, 
benzenehexachloride and 1068 to adult female 
Anopheles quadrimaculatus. 








Time ror 100 Per Cent Knocxpowy 
In MINUTES 
Benzene 
1068 hexachloricde 
200 mg. 200 mg. 100 mg 
Per sq.ft. Persq.ft. Persgq. ft 
40 86 14 
40 108 29 
90 130 27 
60 99 43 
117 95 140 


AGE OF DDT 
TREAT- 
MENT 

New 

1 week 

8 weeks 

12 weeks 

16 weeks 





period of about 4 months. It should be 


emphasized that the speed and duration 
of residual action of these materials are 
largely dependent on the type of surface 
to which the treatment is applied. DDT 
leaves a crystalline deposit which clings 
well to porous surfaces but rapidly flakes 


Table 6.—Toxicity of DDT, 1068, and y-benzenehexachloride to 4th instar larvae of Anopheles 


quadrimaculatus. 








MATERIAL 
AND 
DILuTION 


Acetone Suspensions 
1068—0.1  p.p.m. 
0.01 p.p.m. 

0.001 p.p.m. 


DDT—0.1__p.p.m. 
0.01 p.p.m. 
0.001 p.p.m. 


0.1 p.p.m. 
0.01 p.p.m. 
0.001 p.p.m. 


y-Benzenehexachloride 


Xylene Emulsions 
1068—0.1 = p.p.m. 
0.01 p.p.m. 
0.001 p.p.m. 


DDT—0.1__ip.p.m. 
0.01 p.p.m. 
0.001 p.p.m. 


y-Benzenehexachloride—0.1 __p.p.m. 
0.01 p.p.m. 
0.001 p.p.m. 


Dusts 
1068—1 per cent—0.001 lb. per acre 
0.1 per cent—0.0001 Ib. per acre 


DDT—1 _ per cent—0.001 Ib. per acre 
0.1 per cent—0.0001 Ib. per acre 


+-Benzenehexachloride— 
1 per cent—0.001 Ib. per acre 
0.1 per cent—0.0001 Ib. per acre 


NUMBER 


LARVAE 


NUMBER 
OF 
TFsts 


Av. Per Cent Mortauity 


OF 
48 hours 


24 hours 


100 100 


29 


ae 


U 


50 
100 
50 


© © 


50 
39 


1 


50 


© Or ee © ore © © © 


© 1 0 
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off smooth hard surfaces, while 1068 leaves 
a liquid deposit which clings very well to 
smooth hard surfaces but may be ab- 
sorbed by porous materials. 

Two minutes contact with a 1068- 
treatment at 200 mg. per square foot one 
week old repeatedly gave 100 per cent 
mortality of female Anopheles quadri- 
maculatus in 24 hours; while 5 minutes 
contact with a 200 mg. per square foot 
DDT surface of the same age gave mor- 
talities ranging from 20 to 55 per cent in 
24 hours. Thus it appears that this insect 
will pick up a lethal dose of 1068 upon 
much briefer contact than is necessary 
with DDT. 

LARVICIDAL TESTS ON THE ANOPHELINE 
Mosquito Anopheles quadrimaculatus.— 
Tests were made of acetone suspensions 
of DDT, y-benzenehexachloride, and 1068 
in distilled water. The materials were 
added in acetone solution by pipette to 
distilled water in a one liter volumetric 
flask and thoroughly shaken before pour- 
ing into a pan containing fourth instar 
A. quadrimaculatus larvae. Similar larvi- 
cidal tests were also made on emulsified 
xylene solutions of these compounds. 
These were made from a solution con- 
taining 25 per cent active agent, 7 per 
cent Triton X-100 emulsifier and 68 per 
cent xylene. Another series of tests were 
made on dusts prepared from the active 
compounds. The DDT and y-benzene- 
hexachloride dusts were prepared by 
grinding the materials with tale as a 
diluent. The 1068 dust was prepared by 
impregnating the tale with an acetone 
solution of the active ingredient. The 
dusts were allowed to settle from a 
dusting tower onto the water surface of 
pans containing the larvae. In all these 
tests, the larvae were not considered dead 
if they showed any movement when 
touched. 

As seen from the results shown in table 
6 there appear to be no significant differ- 
ences in the relative toxicities of the three 
materials to Anopheles quadrimaculatus 
larvae regardless of the manner in which 
they were formulated and applied. 

Peet-Grapy Trests.—The toxicity of 
the two compounds DDT and 1068 were 
compared on the adult housefly by the 
“large group” Peet-Grady test procedure 
(Soap Blue Book 1944). Each compound 
has a toxicity to the housefly greater than 
that of the pyrethrins, but they are no- 


tably different in that they produce paraly- 
sis at a much slower rate when used at 
concentrations near or ‘below their mini- 
mum lethal dosage. In order to use the 
Peet-Grady method for comparative tox- 
icity studies, it was necessary to apply 
the compounds in solution with an agent 
which would produce a high percentage 
paralysis within the prescribed 10-minute 
exposure period and yet not add appre- 
ciably to the toxicity of the compounds. 
It was found that the addition of 1.0 per 
cent by volume of Lethane 384 Special to 
a deodorized kerosene solution containing 
DDT or 1068 would accomplish this 
purpose. 

The results of the Peet-Grady tests 
are recorded in table 7 where it is shown 
that concentrations of the compounds re- 
quired to produce mortalities of approxi- 
mately 95 per cent are 0.2 per cent for 
DDT and 0.05 per cent for 1068. The 
LD 50 determined for the two compounds 
by plotting a dosage mortality curve by 
the Bliss (1938) method of probits shows 
that a concentration of approximately .06 
per cent is required for DDT as com- 
pared with a concentration of .02 per 
cent for 1068. 

Table 7.—Comparative toxicity of 1068 and 


DDT to houseflies as measured by the Peet- 
Grady test procedure.’ 








Per Av. No. Av. Per Cent 
CENT Fires Mortauity 24 Hours 
Grapy 


Com- Conc. Per 
pounp Wr./Vout. Test O.T.I. Ratino 


Peer- 





Compound 





1068 , 476 99. 
1068 0! 459 96 
1068 517 60. 
1068 488 48. 
DDT . 482 95. 
DDT 473 67. 
DDT 451 39. 
Control? 521 6. 


1 

ge 
of 
5 


9 


conmeoona 





1 Six tests were made at each concentration except 1068 at 
0.015 per cent where three tests were made. 

2? Lethane 384 Special one per cent solution in deodorized kero- 
sene. 

Toxicity or 1068 anp DDT To THE 
American Roacu, Periplaneta ameri- 
cana.—The foregoing results show that 
lower concentrations of 1068 than DDT, 
applied in the form of dust or spray, are 
required to produce a given percentage 
mortality in most of the insects studied. 
This leads to the assumption that the 
individual fatal dose is also lower for 
1068. In order to test the reliability of 
this assumption more precise toxicity 
data were obtained by applying measured 
dosages of the two compounds to the 
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thoracic tergites of adult American 
roaches. 

The active compounds were formulated 
into easily emulsifiable solutions by add- 
ing 10 ml. of Triton X-100 to 90 ml. of 
xylene containing 25 grams of active 
compound. These solutions were then 
emulsified in the volume of water re- 
quired to obtain the desired amount of 
toxicant in 10 cubic millimeters, which is 
the quantity of emulsion applied to the 
roaches. The application was accom- 


plished by using a blunted No. 27 hypo- 


Table 8.—Toxicity of 1068 and DDT to the American roach, Periplaneta americana. 
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per cent solution of molasses in water to 
give emulsions containing 0.5, 1.0 and 
2.0 per cent active material depending on 
the dosage desired. Measured drops of the 
emulsions were delivered from the one- 
quarter cc. tuberculin syringe previously 
described. These drops were placed on 
the mouthparts of the grasshoppers which 
were observed until the drops were com- 
pletely ingested. Insects failing to ingest 
the drops were discarded. After treat- 
ment, the grasshoppers were placed in 
wire cages with food and water. Mortality 








MIcROGRAMS 
Per Gram 


Roacu 


NUMBER 
ComMPouUND Roaches 
20 
30 
10 
5 
25 
30 
20 


50 
33 
25 
50 
25 
16.6 
12.5 


DDT 
DDT 
DDT 
1068 
1068 
1068 
1068 


24 Hrs. 


0 
0 
0 
0 
4 
0 
0 


PERCENTAGE Morta.ity 


48 Hrs. 72 Hrs. 96 Hrs. 


120 Hrs. 


40 
30 
30 


30 
20 
30 
60 100 
56 76 
27 47 
30 40 


15 
0 
10 
20 
36 
3 
0 
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dermic needle on a .25 ml. tuberculin 
syringe. The syringe was mounted on a 
block of wood so that its plunger could be 
driven by the screw on a micrometer 
caliper also mounted on the wood block 
in a manner similar to that described by 
Trevan (1922). By using this procedure 
the error in application was found to be 
not greater than 5 per cent. The results 
of these experiments are shown in table 8. 

Straight line dosage mortality curves 
obtained by plotting log dosages against 
mortality probits show that 1068 is prob- 
ably 3 times as toxic as DDT to this 
insect when applied in this manner. The 
amount of DDT required to kill 50 per 
cent of American roaches in 120 hours is 
approximately 38 micrograms per gram 
of body weight as compared to 14 micro- 
grams of 1068. The amount of DDT re- 
quired to kill 95 per cent in 120 hours is 
approximately 70 micrograms of DDT or 
25 micrograms of 1068 per gram of body 
weight. 

Tests as Stomacn Poisons To THE 
ApvuLt DirrerENTIAL GRassHopPER, Me- 
lanoplus differentialis —The materials were 
made up as 10 per cent weight to volume 
concentrates in a 9:1 mixture of xylene 
and Atlas G1036 emulsifier. These con- 
centrates were then emulsified with a 25 


counts were made at 24 and 48 hours. 
Those insects unable to stand or to move 
other than for feeble leg twitching were 
counted as dead. Ten grasshoppers were 
used at each dosage. The results are re- 
ported in table 9. The 48-hour mortality 
records were less reliable due to a mor- 


Table 9.—Toxicity of DDT, 1068 and y-ben- 
zenehexachloride as stomach poisons to Melano- 
plus differentialis. 





Per Cent 
Per Cent Morrtatiry 
Emutsion 24 Hours 





DosaAGE IN 
Micro- 


GRAMS 


MATERIAL 


30 
20 
0 
0 
0 


100 
50 
25 
10 

5 


2 
] 


0: 
0: 
0. 


70 
30 
10 

0 


50 l 
25 0. 
10 0.2 
5 0. 
100 
40 
10 


0.: 
0. 
0. 
0. 


>-Benzene- 
hexachloride 


Control! 





! Grasshoppers given maximum amount of xylene-emu!sifier- 
molasses emulsion used in tests. 
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tality in the check and are not included 
in the table, but generally showed no 
significant increase over the 24-hour 
values. From these data it is estimated 
that the median lethal dosage per gram 
of body weight for y-benzenehexachloride 
lies between 5 and 10 micrograms, 1068 
between 12.5 and 25 micrograms, and 
DDT greater than 50 micrograms. The 
average weight of the grasshoppers used 
in these tests was 2.0 grams. 

SumMARY.— A chlorinated hydrocarbon 
having the empirical formula C, 9H¢Cls, 
referred to as 1068, may be obtained as a 
viscous, colorless, odorless, compound 
which is soluble in all proportions in the 
common organic solvents including crude 
and highly refined petroleum oils. A more 
complete description of its chemical struc- 
ture will be presented in the near future 
as soon as certain features are clarified. 
Meanwhile it seemed desirable to present 
the results of laboratory tests on several 
species of insects, because the compound 
appeared to have exceptional toxicity and 
promise of immediate use as an insecti- 
cide. 

A series of parallel tests was made on 
1068 and DDT applied as aqueous dis- 
persions to the spiraea aphid and to the 
pea aphid. The results of these tests indi- 
cated that 1068 is several times more 
toxic to these insects than is DDT and 
that the pea aphid is the least susceptible 
of the two species to both compounds. 
Aqueous sprays of 1068 and DDT applied 
to potato foliage and later infested with 
third and fourth instar larvae of the Colo- 
rado potato beetle likewise showed 1068 
to be more toxic than DDT to this insect. 
The two compounds applied to the adult 
squash bug in the form of aqueous sprays 
and as dusts revealed DDT to be rela- 
tively ineffective, as compared with 1068. 

The residual toxicity of 1068, DDT, and 
y-benzenehexachloride was compared by 
applying emulsified xylene solutions of 
the compounds to the surface of wall- 
boards, which were then exposed at inter- 
vals over a period of 16 weeks to adult 
Anopheles quadrimaculatus. The increase 
in time required to produce a 100 per 
cent knockdown as the treated surfaces 
aged was used as an index of loss in effec- 
tiveness of the compounds, by volatiliza- 
tion, absorption or other means. After 16 
weeks of aging, the time required for 
y-benzenehexachloride treatment to pro- 


duce a 100 per cent knockdown had in- 
creased by a factor of 10 over its initial 
knockdown time. In the same period the 
time required for the 1/068 treatment to 
produce a 100 per cent knockdown had 
increased by a factor of 3, whereas, that 
of DDT remained approximately con- 
stant. It would seem that of the three 
materials DDT will provide the most 
permanent toxic surface. It is believed 
that the loss in residue effect from 1068 
and -y-benzenehexachloride is due _ to 
their greater volatility, the latter being 
the more volatile of the two. Preliminary 
volatility measurements indicate 1068 to 
be considerably more volatile than DDT. 

A series of tests made to compare the 
larvicidal properties of 1068, DDT and 
y-benzenehexachloride to the larvae 
Anopheles quadrimaculatus resulted in the 
conclusion that there was no significant 
difference in the three compounds when 
applied as acetone suspensions, emulsions 
and dusts. 

The relative toxicity of 1068 and DDT 
to the adult housefly was measured by 
the “large group” Peet-Grady procedure. 
Under the conditions of the tests it was 
found that 0.2 per cent DDT or 0.05 per 
cent solutions of 1068 are required to pro- 
duce a 95 per cent mortality in 24 hours. 
A median lethal concentration was esti- 
mated from probit-log dosage curves 
which indicated that a 0.06 per cent solu- 
tion of DDT or a 0.02 per cent solution of 
1068 would be required. 

The relative toxicity of 1068 and DDT 
to the American roach was determined by 
applying precisely measured dosages to 
the thoracic tergites. Dosage mortality 
curves plotted from data obtained in 
these tests showed 1068 to be approxi- 
mately three times as toxic as DDT to 
this insect. The LD 50 for 1068 was found 
to be approximately 14 micrograms per 
gram of body weight as compared to 38 
micrograms per gram of body weight for 
DDT, when measured 120 hours after 
treatment. The corresponding values for 
LD 95 were approximately 25 micrograms 
per gram of body weight for 1068 and 70 
micrograms for DDT per gram of body 
weight. 

Stomach poison tests with 1068, DDT 
and y-benzenehexachloride were made on 
the adult grasshopper Melanoplus dif- 


ferentialis. Emulsions of xylene solutions 


of the active compounds were fed to the 
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grasshoppers in measured drops. Twenty- 
four hour mortality records indicated the 
median lethal dosage for y-benzenehexa- 
chloride to lie between 5 and 10 micro- 
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grams, for 1068 between 12.5 and 25 
micrograms and for DDT to be greater 
than 50 micrograms per gram of body 
weight. 
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Preliminary Investigations on Heat-Generated Aerosols for 
the Control of Agricultural Pests 


Ranpauu Latta, U.S.D.A., Agr. Res. Adm., Bureau of Entomology and Plant Quarantine’ 


Following the spectacular success of 
the aerosol bomb in the protection of the 
armed forces against disease-carrying 
insects, especially mosquitoes, attention 
was drawn to the possibility of using aero- 
sols for the control of agricultural insect 
pests. The aerosol bomb utilizes gases 
such as Freon (dichlorodifluoromethane) 
or methyl chloride to produce the aerosol. 
However, gases of this type are too expen- 
sive for the generation of aerosol clouds 
intended to cover large areas. Conse- 
quently other means of generation were 
explored. The method of generating an 
aerosol does not influence its effective- 
ness, this being principally a function of 
particle size, provided the ultimate con- 
centration of insecticide is the same. 

The original method of creating aero- 
sols by heat, as described by Sullivan 
et al. (1940) was deemed to be the most 
promising, and efforts were concentrated 
on the further development of this 
method. The aerosols so created are 
termed “heat-generated” to distinguish 
them from those generated by liquefied 
gas or other means. A number of persons 
have participated in the subsequent de- 
velopment. 

History or DeveLopmMEeNtT.—Sullivan 
and co-workers produced their aerosols 
by spraying an oil solution of insecticide 
on a hot plate. In 1941, A. H. Yeomans 


! Reference is made in this article to joint studies conducted 
under Office of Scientific Research and Development contracts, 
and that organization in approving publication, does not vouch 
for the accuracy of the statements made. 


built a modification of the hot-plate gen- 
erator, in which the insecticide solution 
was sprayed by an electric atomizer onto 
the inner walls of a heated tube. On con- 
tact, the solution was volatilized, to be 
recondensed into a smoke aerosol upon 
mixture with cooler air. The tube was 
heated from a surrounding block of steel 
in which electric heaters were embedded. 
Yeoman’s attempts at a gasoline-heated 
generator of the same general type were 
taken over, upon his entrance into -the 
military service, by the writer and C. 5. 
Wilson. A portable gasoline-heated gen- 
erator was built and was demonstrated in 
August 19438 to the staff of the Orlando, 
Florida, laboratory of the Bureau of 
Entomology and Plant Quarantine, en- 
gaged in studying the control of insects 
affecting the armed forces. From this 
demonstration came the suggestion that 
army screening-smoke generators might 
be utilized for production of aerosols in 
quantities needed for large-area treat- 
ment. 

Accordingly, a screening-smoke gen- 
erator was obtained on loan from Division 
10, National Defense Research Commit- 
tee (NDRC), the research group largely 
responsible for the development of the 
oil-fog type of generators for military 
uses. Tests in November 1943 against 
natural populations of mosquito adults 
and larvae in large-area application looked 
promising. In these tests DDT was dis- 
solved in the oil used to produce the 
screening smoke. 
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The groups under contract to Division 
10, NDRC, as a part of their studies, had 
done intensive research on methods of 
collecting and measuring the size of 
particles in screening smokes, and had 
assembled much information on _ this 
point, which was made available to the 
Bureau. Cooperation was also arranged 
with the Columbia University Central 
Aerosol Laboratory of Division 10, di- 
rected by V. K. LaMer, for studies of the 
optimum range of particle sizes for insec- 
ticidal purposes. It was expected that this 
would be different from the optimum 
range for purposes of obscuring vision. 
During January 1944, in tests with homo- 
geneous aerosols generated in a LaMer- 
Sinclair laboratory generator already per- 
fected in screening-smoke studies, it was 
established that particles larger than 
those in screening smokes were more 
effective in killing insects. 

Efforts were then concentrated on the 
modification of existing types of screen- 
ing-smoke generators so as to produce 
larger particles. The Columbia University 
group undertook the problem of designing 
a new. generator for the production of 
insecticidal aerosols. 

At this time a team was formed by sev- 
eral divisions within the Bureau of Ento- 
mology and Plant Quarantine, consisting 
of S. F. Potts, T. E. Bronson, F. A. Poos 
and the writer, to study further the pos- 
sibilities of aerosols for large-area control 
of agricultural pests. The findings of the 
groups working on military aerosols were 
made available to this team. Pending the 
development of a generator at the Colum- 
bia University laboratory, attempts were 
made to modify other types. 

A multiple hot-tube generator was built, 
but the particle-size range was not satis- 
factory, and the idea was abandoned. 
Modified “‘smoke-pots” were also tested, 
and these likewise produced aerosols with 
two small particles. The army screening- 
smoke generator used in the Florida tests 
was modified so as to produce aerosols 
with an average particle size of approxi- 
mately 2 to $3 microns in diameter, by 
permitting additional coagulation of the 
condensing particles as suggested by 
Whytlaw-Gray (1936), and Stumpf & 
Jander (1936). 

Tests made with this modified genera- 
tor against the pea aphid (Macrosiphum 
pist Usltb.) ) on alfalfa gave control only 


25 to 50 feet from the generator, which 
was not promising considering the amount 
of DDT used. On the other hand, in trials 
against the gypsy moth (Porthetria dispar 
L.) in forest areas on Cape Cod, larvae 
were affected 1400 feet away from the 
point of generation, and good control was 
obtained on areas up to one-half acre, 
from aerosols produced from a single 
point and drifted downwind. 

During the past year the Hochberg- 
LaMer generator designed at the Colum- 
bia University laboratory has been per- 
fected and tested. It can be adjusted to 
produce almost any desired particle size 
and causes no destruction of DDT due 
to the heat used. Its principle is different 
from that of the screening-smoke genera- 
tors, and the maximum temperature is 
only about half as high. 

Recently an inventor’s model of this 
generator was made available to the 
Bureau by the Columbia University lab- 
oratory and was used in further tests 
against the gypsy moth, with very en- 
couraging results, which will be reported 
later. In the meantime the Bureau has 
been participating in cooperative research 
under funds supplied by the Office of 
Scientific Research and Development 
wherein the influence of speed of motion, 
rate of deposit, and particle size have been 
critically studied under controlled con- 
ditions. In these tests the Columbia Uni- 
versity laboratory was responsible for all 
physical and chemical aspects, and the 
Bureau laboratory for all biological 
phases. All this information will be made 
generally available after security restric- 
tions have been removed, but until then 
it will serve as a background in the further 
study of the application of aerosols to the 
control of agricultural pests. 

Mernop or Usse.—The present method 
of applying heat-generated aerosols is to 
mount a generator on a truck and move 
slowly across the direction of the wind, 
so that the aerosol will drift over the area 
to be treated from a front approximately 
at right angles to the wind drift. It is 
possible to treat up to several hundred 
acres in part of a day, at a rate of 30 
seconds to 3 minutes per acre depending 
on the size of generator and dosage de- 
sired. With the present generators aerosols 
can be produced which contain up to 16 
per cent or more of DDT in the original 
mixture, at intake rates of 20 to 100 gal- 
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lons per hour per generator. Oils ranging 
from low to high solvent action for DDT 
or other insecticides can be used, either 
straight or with the addition of a mutual 
solvent. The differences in their effective- 
ness against insects, and their possible 
effect on plant foliage, are yet to be 
explored. 

The concentration of aerosol, and there- 
fore the effectiveness, is greatest nearest 
the generator, and diminishes with the 
distance. In order to get a high degree of 
control at a given distance from the path 
of the generator, it is necessary to over- 
dose the intervening area. For this reason 
it is more economical to treat in narrow 
strips than in deep areas. 

Aerosols are considered to be of greatest 
value when the insect concerned can be 
directly contacted by the particles. A 
certain amount is deposited on leaves, 
bark, etc., which can act as an effective 
residue, but since the amount is depend- 
ent upon many factors, it could vary 
widely between extremes. Tests with 
gypsy moth larvae indicated a lack of 
feeding on foliage previously exposed to 
a DDT aerosol, over a period of many 
days. Even though the application had 
been light, this condition was to be ob- 
served in a strip about 100 feet or more in 
width. 

Application is dependent upon favor- 
able atmospheric conditions to drift the 
aerosol over the area desired and have 
it well distributed to all points where the 
insects occur. For open terrain and low- 
growing crops inversion conditions—that 
is, a layer of cool air next to the ground— 
with a wind drift or a light breeze of 1 
to 2 miles per hour, are ideal. Usually the 
relatively calm period at daybreak or 
sundown is suitable. During the daytime, 
especially on sunny days, turbulent con- 
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ditions necessitate a steady wind of 5 
miles per hour or greater, to hold the 
aerosol to the ground for low-growing 
vegetation. 

On the other hand, for use in forests 
considerable wind is necessary above the 
trees to provide any movement below the 
canopy. Successful tests have been ap- 
plied in forests with top winds of 25 miles 
per hour or greater. Within the forest 
such winds produce turbulence, which 
tends to distribute an aerosol to all 
heights, and yet maintain a general direc- 
tion of movement. Rising aerosol clouds 
are immediately driven back down into 
the canopy by the increased air movement 
above the canopy. Light winds above for- 
est areas do not maintain movement in 
one direction within the canopy; conse- 
quently very unfavorable turbulence re- 
sults. Air drainage down slopes at dusk 
is a very desirable condition. Air turbu- 
lence along roadways in forest areas was 
overcome by use of a powerful blower to 
start the aerosol cloud through the forest 
where, once away from the local turbu- 
lence, movement in one direction was 
positive. 

If an aerosol induces flight or other 
motion of the insects being treated, it is 
reasonable to expect an increased effect, 
since a larger number of particles should 
come in contact with them. In some in- 
stances DDT aerosol have induced flight 
of adults or activity of larvae. This effect 
could also be obtained by the addition of 
an irritant, possibly pyrethrum. 

It is not considered that aerosols will 
become a general substitute for sprays or 
dusts. Rather it is anticipated that they 
will prove to be an effective means of 
control in specific insect problems where 
present methods are handicapped for one 
reason or another.— 10-17-45. 
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Baby-bye here’s a fly, 
Let us watch him, you and I. 
How he crawls, up the walls— 


Till DDT gets him and he falls. 





Insect-Repellent Properties of 2-Ethylhexanediol-1,3 


Puitie Granetr and Harry L. Haynes, Rutgers University' 


Under the stimulus of war needs, ac- 
tivity in the development of insect repel- 
lents to protect people from the bites of 
Arthropod disease vectors was greatly 
intensified. The combined efforts of in- 
dustry, Government agencies, and insti- 
tutional laboratories resulted in advanc- 
ing the effectiveness of repellents far 
beyond what had been available before 
the war. One of the chemicals developed 
for personal use by such efforts is 2-ethyl- 
hexanediol-1,3 known during the war as 
Insect Repellent No. 612,? the test number 
assigned to it at Rutgers University. 

Under a research Fellowship at Rutgers 
University sponsored by the National 
Carbon Company, repellent research was 
conducted on a number of chemicals 
among which was 2-ethylhexanediol-1,3 
synthesized by Dr. B. G. Wilkes.’ After 
initial entomological screening tests the 
best of these were passed on to the coop- 
erating Government agencies for further 
laboratory and field trials. Ethylhexane- 
diol was outstanding among these chemi- 
cals because it combined a high order of 
effectiveness as a repellent with a high 
safety factor as regards toxicological ac- 
tion on users and in addition possessed 
acceptable accessory properties. 

It is the purpose of this paper to present 
some of the results of the experimental 
studies and describe the properties of this 
chemical. 

PHYSICAL AND CHEMICAL PROPERTIES. 

Ethylhexanediol is a slightly viscuovs, 
colorless liquid having a mild odor some- 
what like witch-hazel. It is stable under 
extremes of storage conditions and unlike 
many other recognized repellents, its 
solvent action in contact with various 
surfaces is relatively weak. It will not 
affect clothing or dissolve cellulose ace- 
tate, cellulose nitrate, polystyrene, Viny- 
lite resin VY NS, Lucite or Plaskon. It has 
a slight softening effect on spar varnish, 
containing resin such as dammar. It 
rapidly softens shellac. 

Other physical and chemical proper- 


Paper of the Journal Series, New Jersey Agricultural Experi- 
ment Station, Rutgers University, Department of Entomology. 
? Now being sold under the trade mark Insect Repellent 
“6-12” by the Carbide and Carbon Chemicals Corporation. 
* Senior Fellow, Organic Synthesis Fellowship, Mellon Insti- 
tute of Industria] Research. 


6 


ties of ethylhexanediol are listed below. 


146.22 
0.9422 
0.01 
1.4511 

244 


Molecular Weight 

Specific Gravity at 20/20°C. 
Vapor Pressure at 20°C. mm. Hg. 
Refractive Index at 20°C. nD. 
Boiling Point at 760 mm. Hg°C. 
Freezing Point °C. Below —40 
Solubility in water at 20°C. (percent) 4.2 
Solubility water in, at 20°C. (per cent) 11.7 
Viscosity at 20°C. centipoises 323 

Flash point °F. 260 
Average weight per gal. at 20°C. lb. 7.84 


Specifications for the commercial ma- 
terial are: 


0.01 

0.9390 to 

0.9430 
240 to 250 
50 


Maximum acidity, per cent as acetic 
Specific gravity 20/20°C. 


Boiling range °C. 
Maximum color, A.P.H.A. Units 


REPELLENT PrRopeRtTies.—It should be 
emphasized that in the evaluation of 
repellency, a statement of the protection 
time afforded by a chemical means rela- 
tively little unless the conditions under 
which it was used are definitely stated. 
Even then all the effects of environmental 
and biological factors cannot be estab- 
lished; a slight change in conditions of use 
may cause a great change in the protec- 
tion time. It is advisable, wherever pos- 
sible, to indicate the effectiveness of a 
known material used under the same con- 
ditions. In this way the comparative merit 
of a substance can be established in addi- 
tion to the actual time figures. 

In the following attempt to indicate 
the repellent properties of ethylhexane- 
diol, we have chosen dimethyl phthalate 
for a comparison material. Mixtures con- 
taining these two ingredients and other 
materials have been found effective but 
because detailed data is not as available 
as for the chemicals alone, comparisons 
with them are not included here. 

Protection AGAINST MosquiToErs.— 
Because of the great need to protect 
troops against diseases carried by mos- 
quitoes, the bulk of the information on 
ethylhexanediol was obtained against 
those species of disease vector. In general, 
the repellent was found to be highly 
effective against most Aédes species 
of mosquitoes and somewhat variable 
against Anopheles species. 


1 
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The tests were carried out by applying 
measured quantities of chemical, usually 
1 cc. to about 100 square inches of skin 
and exposing the treated surface to hun- 
gry mosquitoes. The time from applica- 
tion to first definite bite was selected as 
the protection time. 

Under our (Rutgers) laboratory condi- 
tions (Granett & Haynes 1944) (75° F., 
50-60% relative humidity) ethylhexane- 
diol was repellent against Aédes aegypti 
for about 9 hours. Dimethyl phthalate 
under these conditions was repellent for 
about 7 to 8 hours. It was observed, how- 
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to about 3.5 hours for dimethyl phthalate. 

Comparatively little experimental data 
is available for trials with repellents in 
tropical areas. Gorgas Memorial Labora- 
tory tests' against Anopheles albimanus in 
the Panama region, indicate that ethyl- 
hexanediol is effective for 3 to 4 hours as 
compared to 14 to 2 hours for dimethy] 
phthalate. Recent reports' from the South 
Pacific indicate that ethylhexanediol is 
very good against Anopheles punctulatus 
farauti, lasting about 6 hours as against 
less than an hour for dimethy! phthalate. 
This information is particularly significant 


Table 1.—Repellent tests against various species of mosquitoes 1942 to 1945. 








LocaTION or TEST 


Rutgers Laboratory Aédes aegypti 
New Jersey 
Salt Marshes 
cantator 
Reported in U.S. Patent No. 
2,356,801 


Travis & Jones, Aug. 29, 1944 Aédes aegypti 


Anopheles quadrimaculatus 
Aédes taeniorhynchus 


Tests in Panama 


Kumm & Jobbins 


Tests in South Pacific 
Travis 


Test SPECIES 


Anopheles quadrimaculatus + 60 5 


Anopheles albimanus 


Anopheles punctulatus farauti 


Diweray. 
PHTHALATE 


Protec- 
tion 
Time 


2-ETHYLHEXANE- 
pDIOL-1,3 


” 





Protec- 
tion 
Time 


No. of 
Tests 


No. of 
Tests 
Minutes 

60 536 29 


Minutes 
455 
123 


Aédes sollicitans and Aédes 


19 352 233 


234 
206 
153 


103 
90 


350 40 





ever, that lighting and probing on treated 
surfaces began much sooner with dimethyl 
phthalate. 

Against Anopheles quadrimaculatus eth- 
ylhexanediol was repellent for about one 
hour as compared with about two hours 
for dimethy! phthalate. 

In the field against salt marsh mosqui- 
toes, mainly Aédes sollicitans and Aédes 
cantator under vigorous biting conditions 
(4 to 30 bites per minute on untreated 
areas) protection from ethylhexanediol 
was about six hours as compared to about 
4 hours for dimethy] phthalate. 

Travis & Jones (1944) report 5 to 6 
hours protection against Aédes species in 
the laboratory and the field as compared 
with about 3 to 4 hours protection for di- 
methyl phthalate. Against Anopheles 
quadrimaculatus however, the picture is 
reversed showing only a little over an 
hour for the ethylhexanediol as compared 


as it indicates the considerable degree of 
protection obtained with ethylhexanediol 
against malarial carriers in regions where 
the troops were most in need of protec- 
tion. The data cited above is listed in the 
accompanying table 1. 

These trials were all made on restricted 
areas of the body, arms or legs, and with 
uniform application of 1 cc. to about. 100 
square inches of skin surface. 

Errect or Varying Amount.—Vary- 
ing the amount applied either by use of 
diluents or by increasing or decreasing 
the actual quantities tends to increase or 
decrease repellency. In the case of diluents 
the repellency is usually a function of the 
concentration of the active ingredient con- 
tained in the mixture. 

An indication of what may be expected 
by varying the quantity applied is shown 
in the following tabulation which lists the 


1 Personal communications, 
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results of trials in the laboratory against 
captive mosquitoes, Aédes aegypti, follow- 
ing the application of 0.3, 0.5, 1.0 and 
2 cc. of ethylhexanediol to approximately 
100 square inches of skin surface. The 
protection times of this special series of 
tests were uniformly high as compared 
with the average obtained over a long 
period in the laboratory. 


Table 2.—Repellent trials with varying appli- 
cations of ethylhexanediol against captive mos- 
quitoes, Aédes aeygpti, in the laboratory. 








AVERAGE 

AMOUNT Prorec- 
Ap- No. TION 
rpusp Tests Time 


Ratios or 
Protection Time 
OBTAINED 


Ratios oF 
AMOUNTS 
APPLIED 


ec:ce 


Min: Min 





C. Minutes 
0.3 é 288 

0.5 10 404 5:0.8 
1.6 7 


“ 


464:288 = 


. 1.4 
770 .0:6.3=3.:5 770: 288 =2.6 


1.¢: 70:404=1.9 
1215 0: 1215:288 =4.2 


0 
0:0.5=4.0 1215:404=3.0 


or 
.0:1.0=2.0 


1215:770=1.5 





A definite increase in repellency is ob- 
served as more repellent is applied al- 
though effectiveness is not directly pro- 
portional to the quantity used. When 1.0 
ec. is applied instead of 0.5 cc., a 1.9 
increase in repellency was obtained in- 
stead of doubling the protection. This fell 
off to 1.5 times increase when the 1 ce. 
application was doubled again. Two cc. 
per 100 square inches appears to be about 
the maximum amount which can be ap- 
plied with this chemical before run-off 
occurs. A limited experiment along similar 
lines conducted with dimethyl phthalate 
indicated that protection time against 
Aédes aegypti was: 

Protection Time 


330 minutes 
690 minutes 
720 minutes 


Amount Used 
0.5 ce. 
1.0 ce. 
2.0 ce. 
The sharp falling off for the large amount 
is probably attributable in part to the 
fact that dimethyl phthalate is a much 
less viscous substance and it is almost 
impossible to retain the 2 cc. amount on 
the area used. 

PracticaL Use Triats.—As has been 
stated, the figures cited are for experi- 
mental trials on small areas of skin. 
Under practical conditions of use, where 
protection is sought for all exposed sur- 
faces, protection time is usually shorter. 
Our experience has been that in the field 
against salt marsh mosquitoes, Aédes 
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sollicitans, ethylhexanediol gave protec- 
tion for from 2.5 to 4.5 hours while 
dimethyl phthalate protected for 2 to 2.5 
hours. Numerous factors such as variation 
in perspiration, greater possibility of 
friction causing removal of repellent, 
variation in absorption by the skin in 
different areas, and the difficulty of pro- 
viding uniform coverage, especially on 
head and face, may contribute to the 
difference in the protection observed. 

These experiments served especially to 
show the need for thoroughly covering all 
areas to be protected. Protection is ob- 
tained only where the repellent is applied. 
Profuse perspiration was also found to be 
an important factor tending to reduce 
protection time. On the other hand, mild 
perspiration had little effect. 

AppLicaTION TO CLotHes.—It has been 
estimated that about forty per cent of the 
bites received when exposed to mosquito 
attack in the field, may occur through 
clothes where they contact the body. An 
obvious way of preventing this is to treat 
the clothes with repellents. Preliminary 
trials (Granett & Haynes 1945) in the 
laboratory indicated that cotton cloth 
retains chemicals such as ethylhexanediol 
and dimethyl! phthalate for long periods 
of time, presumably because of the low 
order of volatility of these chemicals. 
Recent trials of slack suits treated with 
approximately 20 per cent by weight of 
the repellents have been found to prevent 
biting of Aédes sollicitans in the field up 
to 8 days when treated with ethylhexane- 
diol and for about two days when treated 
with dimethyl phthalate. These suits were 
worn during approximately half of each 
working day. Suits stored in the labora- 
tory and worn only to conduct a test 
(about one hour) retained repellency for 
6 weeks in the case of ethylhexanediol and 
for 4 weeks in the case of dimethyl 
phthalate. Rain tends to wash the repel- 
lents from the cloth with consequent re- 
duction in effectiveness. 

Artruropop Pests Orner THan Mos- 
quirores.—Table 3 indicates the protec- 
tion time which is likely to be obtained 
from ethylhexanediol against a number 
of biting pests other than mosquitoes. 
Comparison has been made with dimethyl 
phthalate tried under similar conditions. 
The protection obtained is, for the most 
part somewhat similar to that obtained 
against various species of mosquitoes. In 
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the case of chiggers, where the material 
is applied to cloth, the repellents are re- 
markably effective, the treated cloth being 
repellent for days instead of hours. 

In addition to results shown against 
stable fly, black fly, sand flies, fleas, and 
chiggers, the Orlando laboratory of the 
Bureau of Entomology and Plant Quar- 
antine found' that ethylhexanediol while 
not completely effective, can provide pro- 
tection against bedbugs, Cimez lectularius. 
Against the southern buffalo gnat, Eusi- 
mulium pecuarum, tests have been re- 
ported of 508 minutes average protection 
when ethylhexanediol was applied to 5 
men and an average of 330 minutes on 
domestic animals. 


Table 3.—Repellent tests against arthropod 
pests other than mosquitoes. 





DimeTHYL 

PHTHALATE 
No. of Protec- 
Tests tion Time 


Erayry 
H exaNeEpIOL 
No.of Protec- 
Tests tion Time 


Min. Min. 


Test Species 


Stable fly (6)! 

Stemorys calcitrans 101 47 
Black fly 

Simulium spp. 316 
Sand flies 

Phlebotomus spp. 240 
Fleas (5) 

Ctenveephalides canis 

C. felis 32 
Chiggers (4) 

Eutrombicula spp. 

Acariscus maront 


‘ 28 260 
On treated 
suits 


30+ days 30+ days 





1 Number in parenthesis indicates References cited. 


ToxicoLoGcicaL Properties.—An im- 
portant factor to be considered for any 
material which is to be applied to the skin 
is its toxicological properties. Prior to 
large scale use of ethylhexanediol, toxico- 
logical studies were made at Mellon Insti- 
tute under the direction of Dr. Henry F. 
Smyth, Jr. and by various Government 
agencies acting for the Surgeon General’s 
Office. These studies were continued after 
the initial work showed it to be safe. 
Draize et al. (1944) published their pro- 
cedures for the toxicological studies 
-arried on at the Division of Pharmacol- 
ogy, U.S. Food and Drug Administration. 
These consisted of experiments to deter- 
mine the dose for acute toxicity (oral and 
skin) on such animals as rabbit, guinea- 
pig and dog, subacute or twenty-day ex- 
periments, and for chronic toxicity trials 
in which daily doses are applied for a 
period of ninety days. Information on the 
rate of penetration and irritant effects is 


1 Personal communication. 
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obtained from these experiments. Other 
experiments included determination of 
irritation by means of patch tests on ani- 
mal and human skin, irritation as ob- 


served on animal mucous membrane, and 
sensitization as observed on animals. 

For 2-ethylhexanediol-1,3 Draize (1944) 
reported for rabbits: 


LD50 


Oral (acute) 
Skin (acute) 
Skin 90 day inunction 


Limited experimental work has shown 
that certain individuals may develop a 
temporary feeling of heat or coolness at 
point of application. These symptoms 
soon disappear. In actual use it is also 
necessary to avoid applying the repellent 
to sensitive areas such as eyes or mouth. 

In a summary compiled by the Office of 
Scientific Research and Development! the 
following statement was made, ““The ab- 
sorption (of ethylhexanediol) is very poor 
and evidently only small doses get through 
as indicated by the fact that very small 
doses intravenously cause death. It is 
irritating to the skin of all animals but 
has not been found irritating to man. The 
fact that it is poorly absorbed and is non- 
irritating to man and is very highly effec- 
tive as a repellent leads to the conclusion 
that it is acceptable under the recom- 
mended condition of use.” The irritation 
observed in animals obviously refers only 
to those animals actually worked with. 
The lack of irritation to man is further 
borne out by verbal reports from the 
Surgeon General’s Office, the Pharmaco- 
logical Division of the Food and Drug 
Administration, the National Institute of 
Health, U. S. Public Health Service and 
the U. S. Department of Agriculture, 
Division of Insects Affecting Man and 
Animals who have stated that they have 
no records showing skin irritation or 
sensitization from the use of ethylhexane- 
diol in experimental or practical use by 
the armed forces. This is of especial inter- 
est as these groups are the official agencies 
for the receipt of such data and have 
some reports of irritation from the use of 
certain other repellents. 

Concivsions.— Extensive repellent trials 
under laboratory and field conditions have 
shown 2-ethylhexanediol-1,3 to possess 
highly effective repellent properties against 
a variety of Arthropod pests. 
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Equally extensive toxicological studies 
and large scale use by the military forces 
have indicated its safety and lack of 
irritant properties. 
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Finally its physical and chemical prop- 
erties are such as to make it easy and 
pleasant to apply and stable in storage or 
use. 
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Disodium Ethylene Bisdithiocarbamate for Control of 
Mexican Bean Beetle! 


D. O. WoLFeENBARGER and J. W. Hevsercer,? Delaware Agricultural Experiment Station, Newark 


In a recent popular article, Anon. 
(1944), it was reported that an organic 
chemical, disodium ethylene bisdithiocar- 
bamate, termed Dithane,*? when applied 
to the soil surrounding bean plants, in- 
hibited Mexican bean beetle infestation. 
The implication is that the plants took 
up the chemical through the roots and 
that it was distributed systemically to 
the stems and foliage where it controlled 
the Mexican bean beetle. The significance 
of this method of insect or plant disease 
control may be far-reaching, if it can be 
applied practically. 

Very brief mention may be made of 
some recent publications on the subject 
of insect control through absorption of 
chemicals by the roots or stem. Selenium, 
a poisonous chemical element, was used 
successfully by Hurd-Karrer & Poos 
1936) in laboratory studies, inhibiting 
infestation and killing the apple grain 
aphid, Rhopalosiphum prunifoliae (Fitch). 
Craighead & St. George (1938), gave an 
historical resumé of this method of insect 
control, and Whitten (1941) described 
internal applications of chemicals to kill 
elm trees and to prevent bark beetle 
attacks. Insect control by this method has 

‘ Published with the approval of the Director of the Delaware 
Agricultural Experiment Station as Publication 195 and Scien- 
tihe Article 121 by the Department of Entomology. Informa- 
tion obtained through Purnell Projects E 11 (2) and P 13. 

* Assistant Entomologist and Associate Plant Pathologist, 
respectively. 


* Supplied by Rohm & Haas Company, Philadelphia, Pennsy!- 
Vabia 


been long considered and frequently at- 
tempted, but with little or no favorable 
results. 

The use of disodium ethylene bisdithio- 
carbamate was considered first as a 
fungicide by Dimond, ef al., (1943); its 
use as an insecticide appears to be a very 
recent development. Application of this 
material to potatoes by Heuberger and 
Manns (1943) gave increased yields. It 
was not determined, however, whether 
it had any insecticidal action. 

Mareriats AND Mernops.—aA field 
experiment was set up using Dithane and 
a combination of basic copper arsenate 
and nicotine’ as test materials on bush 
dwarf lima and string beans, both being 
planted 1.5 inches deep on July 3. Each 
planting was designed to give four repli- 
cates of each treatment in a randomized 
block experiment. Each treatment repli- 
cate was a rod-long row, and the rows 
were spaced 42 inches apart, giving plots 
of 0.0947 acre in size. 

Dithane soil treatments, at dosages of 
25, 100, and 400 pounds per acre, were 
applied by each of the following three 
methods: /n-the-row. Six days before the 
seeds were planted, furrows were made 
and Dithane powder was placed in the 
soil 3 inches deep, in bands 3 inches wide. 


‘Supplied by Sherwin Williams Co., Bound Brook, New 
Reported constituents: Basic copper arsenate 23.0%; 


Jersey t , 
and inert ingredients 


nicotine, expressed as alkaloid 2.0%; 


75.0%. 
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Sipe Dressinc.—Two weeks after the 
seeds were planted, small 2-inch deep fur- 
rows were made on each side of the rows at 
a distance of about 3 inches from the small 
bean plants. Dithane powder was then 
distributed equally in the furrows and the 
soil was levelled. Watering. Three weeks 
after the seeds were planted, water solu- 
tions of Dithane were applied to the rows 
of plants. No further chemical was ap- 
plied to plants treated by the three fore- 
going methods. 

Two spray treatments were used. 
Dithane was applied at the rate of 2 
pounds per 100 gallons of water and 200 
gallons (4 pounds of the chemical) per 
acre. Basic copper arsenate-nicotine sul- 
phate, 4 pounds per 100 gallons of water 
and 200 gallons per acre, was applied as 
the comparative spray treatment. Three 
applications were made in each case, 26, 
32, and 41 days after the seeds were 
planted, by means of a knapsack-type 
hand-sprayer. 

Statistical methods generally followed 
by research workers were used in the 
reduction and analysis of the recorded 
data. 

EXPERIMENTAL Data.—Delayed emer- 
gence of plants and reduced stands of both 
lima and string beans resulted from the 
“in-the-row”’ method of application of 
Dithane. Estimations on the influence of 
the chemical on stand were made 18 days 
after the seeds were planted; these, com- 
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bining data for lima and string beans, are 
shown in table 1. 

Stunted plants and marginal yellowing 
of the foliage resulted from “‘in-the-row’ 
treatments and from the “‘side-dressing” 
and the “‘watering”’ methods as well. All] 
such symptoms were more pronounced on 
plants treated with the heavier dosages, 


Table 1.—Stands of bean plants in Dithane 
*‘in- the-row” treatments, by dosages. 








AVERAGE STAND 
Observed Calculated! 
Per Cent 








DosaGr, 
PouNDs PER ACRE 





25 62.8 64.9 
100 34.8 30.8 
400 7.5 8.3 





? Calculation from log-probit transformations by regularly- 
used regression methods. 


Mexican bean beetles were sparsely 
prevalent on the beans until near the 
middle of the season, when they became 
more abundant. Infestation counts were 
made of larvae, pupae, and adults per 5 
feet of row in each treatment and replica- 
tion. Average infestations for each fsa 
ment are given in table 2. 

Wide differences are obvious between 
the beetle infestations in the case of the 
different treatments. The most striking 
responses are those affected by soil ap- 
plications of Dithane; the extent, based 
on dosage and regardless of the applica- 
tion method, is shown in table 3. 


Table 2.—Average Mexican bean beetle populations and bean yields on experimental plots. 








La Beans Srrinc Beans 























Beetle infes- Yield, Beetle infes- Yield, 
tation per oz. per -tation per OZ. per 
TREATMENT 5-foot row rod row 5-foot row rod row 
Dithane 

In row @ 25 lbs. per acre 30.5 87.5 140.8 124.0 
@100 Ibs. per acre 8.0 174.0 12.5 112.3 
@400 lbs. per acre 2.5 96.0 0.5 85.0 
Side dressing @ 25 lbs. per acre 42.8 247.3 197.3 106.3 
@100 lbs. per acre 11.8 274.5 32.5 88.5 
(@400 Ibs. per acre 2.5 215.5 — 65.3 
Watering @ 25 |bs. per acre 72.5 226.5 185.5 98.5 
@100 Ibs. per acre 19.0 201.5 38.3 92.0 
(@400 lbs. per acre 3.8 171.5 2.0 77.5 
Spray @2 lbs. per 100 gals. water 16.8 202.5 32.8 124.5 

Basic copper arsenate-nicotine sulphate, 
4 lbs. per 100 gals. water 9.0 256.5 7.5 128.3 
Check, no treatment 68.8 217.0 199.3 106.8 
Minimum difference for significance 22.6 45.3 56.4 47.7 
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Table 3.—Mexican bean beetle populations on 
beans treated with different dosages of Dithane 
applied to the soil." 








AvERAGE NuMBER OF LARVAE, 

Pupar, AND ADULTS 

per 5 Feet or Row 
Dosace, - = 
PoUNDS PER ACRE Li ima Beans 


String Bes ans 





25 49.4 17 


4.5 
100 12.9 42.2 
400 2.6 2.2 





1 Exclusion of “in-the-row” method of application, by virtue 
of the reduced stands of plants, gives averages as follows: 


Beetle populations 


Dosage, pounds per acre Lima Beans String Beans 
25 57.4 191.4 
100 15.4 35.4 
500 2.6 2.6 


Dosage effects, studied graphically, 
were observed to become linear by the 
use of double logarithmic graphs. Log- 
arithmie conversions of the data, sug- 
gested by Dr. F. M. Wadley (personal 
correspondence), were used to compute 
regressions of beetle infestations on Di- 
thane dosage and are shown in figures 1 
and 2. 


LOG LBS po AN, PER ACRE 
1.2 2.25 2.75 
+ ; ] 
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Fic. 1.—Mexican bean beetle infestations 
on Dithane treated lima beans. 


Bean yield data, a total of all green 
pods harvested, are given as the average 
ounces for rod-rows (0.0947 acre), for 
each treatment, in table 2 

Marked differences in yield are ob- 
served, the most striking of which were 
previously mentioned in connection with 
beetle infestations as dosage responses. 
Average yields for the different dosage 
for both lima and string beans, are shown 
in table 4. 

A graphic illustration of the effect of 
dosage on yield is presented in figure 3, 
in which the yields from the different 


application methods are plotted against 
dosages. 
Discussion oF Resu.ts.—Reduction 
of Mexican bean beetle infestations fol- 
Table 4.—Yields from bean plants treated 


= different dosages of Dithane applied the to 
soi 








AverRAGE Ounces or Beans 
PER Rop Row 


DosaGe, - 
Pounps PER ACRE eT ima Beans String Beans 








25 220.4 109.6 


100 216.7 97 .6 
400 161.1 75.9 





lowed soil or spray treatments of Dithane, 
indicating that this compound has value 
as an insecticide. Whether its action is 
toxic, repellent, or otherwise is not known. 
Reduced beetle infestations, interpreted 
as dosage responses, were most marked 
between the 25 and 100 pound-per-acre 
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Fic. 2.—Mexican bean beetle infestations 
on Dithane treated string beans 


treatments. Both spray treatments, how- 
ever, were practically no different from 
the 100 pound-per-acre soil treatment. 
Similar trends in beetle populations are 
noted where Dithane applications were 
made to the plants by means of treat- 
ments applied to the soil. 

Yields of beans were altered consider- 
ably by the Dithane treatments. Although 
the 25 pound-per-acre treatments pro- 
vided slightly greater yields than un- 
treated plants, the 400 pound-per-acre 
treatments reduced the yields. 

The beans were lightly populated with 
the potato leafhopper, Empoasca fabae 

Harr.), and an occasional cotton square 
borer, Strymon melinus Hbn., was ob- 
served infesting bean pods. No indication 


Oo 
~) 
oo 





ROW 
300 


200 


BEANS 


- 


. 
@STARING 
+ BEANS 


100 











BEAN YIELD OZ. PER ROD- 


i00 200 300 400 
POUNDS QITHANE PER ACRE 
Fic. 3.—Yields of beans from Dithane 
treated lima and string beans 


of control in the case of these insects was 
noted for any treatment. Disease was 
absent in these plantings. Beans were fre- 
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quently tasted to note any changes which 
might be attributed to the Dithane treat- 
ments. Never was there any suggestion 
of an impaired flavor of the treated beans 
which could be associated with this mate- 
rial. 

SUMMARY AND ConcLusions.—Diso- 
dium ethylene bisdithiocarbamate (Di- 
thane) applied to the soil around bean 
plants and as a foliage spray was found 
to control the Mexican bean beetle. Dos- 
ages of 100 and 400 pounds applied as 
soil treatments effectively reduced beetle 
infestations, but reduced the yields as 
well. Further work should be performed, 
therefore, before Dithane can be recom- 
mended for Mexican bean beetle control. 

11-9-45. 
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Experiments with Insecticides to Control the Strawberry 
Weevil in North Carolina and Maryland 


W. A. Tuomas, U.S.D.A., Agr. Res. Adm., Bureau of Entomology and Plant Quarantine’ 


Although the strawberry weevil, An- 
thonomus signatus Say, has been an im- 
portant pest of strawberries for many 
years, no very satisfactory method of 
controlling it has been developed, and 
very little has been published on the value 
of insecticides for this purpose. Headlee 
(1918) and Baerg (1923) reviewed the 
literature on control and conducted in- 
secticidal experiments. Headlee (1918) 
demonstrated that in fields severely in- 
fested with the strawberry weevil the 
injury could be checked and the yields 
materially increased by making two 
applications of a mixture of 1 part of lead 
arsenate and 5 parts of sulfur at 40 to 67 


' Acknowledgments are made to C. F. Stahl for suggestions, 
and to L. B. Reed, F. W. Wright, and H. N. Pollard for assist- 
ance in the work in this project. 


pounds per acre. As a result of this work 
the lead arsenate-sulfur treatment became 
widely used. Headlee also demonstrated 
that pyrethrum, tobacco dust, soap, and 
bordeaux mixture were relatively in- 
effective. In experiments by Baerg (1923) 
calcium arsenate was as effective as lead 
arsenate, and as a diluent hydrated lime 
gave as good results as sulfur. Anderson 
& Walker (1937), using for experimental 
purposes a heavily infested field of straw- 
berries that had been severely injured 
by frost and drought, obtained increases 
in yield ranging from 35 to 62 per cent 
with lead arsenate and lime (1:5), lead 
arsenate and sulfur (1:5), derris and 
sulfur (0.75 per cent rotenone), and 
salcium arsenate and sulfur (1:5), listed 
in the order of their effectiveness. Amos 
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& Pierpont (1939) reported that in field 
experiments calcium arsenate gave better 
results than lead arsenate, that the 
diluent was relatively unimportant, and 
that in one experiment both lead arsenate- 
sulfur (1:5) and a 0.5-per cent rotenone 
dust gave a control of 24 per cent, as 
represented by the increase in uninjured 
buds. 


Tuomas: CONTROL OF STRAWBERRY WEEVIL 









679 


conditions permitted after the weevils 
had begun to cut the frriting buds. 

In the experiments conducted from 
1929 to 1932, inclusive, the efficiency of 
the insecticides was judged by the relative 
number or percentage of cut buds found 
by examining 100 row-feet of plants in the 
center of each plot at intervals after 
applying the insecticides. In the experi- 














on strawberries at Chadbourn, N. C., 1925-32. 


Table 1.—Effectiveness of various insecticidal treatments in the control of the strawberry weevil 















TREATMENT 






1925, 2 applications, 2 replicates, 4-row plots 100 feet long: 
Calcium arsenate 17%, sulfur 
Lead arsenate 17%, sulfur 
Calcium arsenate 20%, dehydrated copper sulfate 16%, hydrated lime 
Lead arsenate 20%, dehydrated copper sulfate 16%, hydrated lime 
Calcium arsenate 14%, dehydrated copper sulfate 12%, hydrated lime 
Lead arsenate 10%, dehydrated copper sulfate 6%, hydrated lime 
Calcium arsenate 10%, dehydrated copper sulfate 6%, hydrated lime 
Lead arsenate 14%, dehydrated copper sulfate 12%, hydrated lime 
1926, 1 application, 2 replicates, 4-row plots 150 feetdong: 
Calcium arsenate 17%, sulfur 
Calcium arsenate 20%, dehydrated copper sulfate 16%, hydrated lime 
Calcium arsenate 14%, dehydrated copper sulfate 10%, hydrated lime 
Lead arsenate 14%, dehydrated copper sulfate 10%, hydrated lime 
Lead arsenate 20%, dehydrated copper sulfate 16%, hydrated lime 
Calcium arsenate 10%, dehydrated copper sulfate 6%, hydrated lime 
Calcium fluosilicate 
Lead arsenate 10%, dehydrated copper sulfate 6%, hydrated lime 
1929, 2 applications, 2 replicates, 17-row plots, 52 feet long: 
Calcium arsenate 17%, lime 17%, sulfur 
Calcium arsenate 17%, sulfur 
Pyrethrum® spray (1: 200) 
Pyrethrum? spray (1:400) 
Lead arsenate 17%, sulfur 
1931, 2 applications, 3 replicates, 6-row plots, 100 feet long: 
Calcium arsenate 17%, sulfur 
Potassium hexafluoaluminate 17%, sulfur 
Lead arsenate 17%, sulfur 
1932, 2 applications, 4 replicates, 6-row plots, 100 feet long: 
Calcium arsenate 17%, sulfur 
Potassium hexafluoaluminate 17%, sulfur 
Pyrethrum powder* 
Lead arsenate 17%, sulfur 
Sulfur 





































RATE PER 
ACRE PER 


APPLICATION ContTROL! 


Pounds Per Cent 
15 76 
15 76 
12 60 
12 50 
12 49 
12 31 
12 30 
12 27 
20 80 
15 64 
15 61 
15 57 
18 52 
15 26 
15 16 
15 15 
25 40 
25 36 
768 20 
765 15 
29 t 
12 84 
14 79 
16 79 
15 52 
15 67 
10 67 
15 43 
15 33 












! Decrease in weevil-cut buds as compared with those in undusted plots. 
? Pyrethrins content not known. 
* Gallons of spray mixture. 





















The purpose of this article is to sum- 
marize the results of experiments con- 
ducted during the period 1920 to 1938, 
inclusive, at Chadbourn, N. C., and in 
1939 on the Eastern Shore of Maryland. 

Metnuops.—The insecticides were ap- 
plied to replicated plots by means of ro- 
tary hand dusters or hand-pressure spray- 
ers. Two or three applications were made 
as needed, beginning as soon as weather 





ments prior to 1925, 100 plants were 
examined, rather than the plants on 100 
row-feet. It was not possible to find the 
dead weevils and to determine the per- 
centage of mortality, owing to the small 
size of the insect and its color and to the 
practice among growers of applying a 
pine-leaf mulch to the fields about the 
time the weevils become active. Usually 
two or more replicates were made in 
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different fields. 

The experiments conducted in 1935 
to 1939, inclusive, were arranged in either 
randomized blocks or latin squares with 
six replicates in each. Beginning with the 
1936 experiment, sampling areas were 
located on the three central rows of each 
plot by use of random sampling numbers 
at the beginning of the experiment, and 
were staked so that they could be readily 
identified. By frequent examination of 
these areas records were made of the 
number of buds produced, the number 
cut by the weevil, and the number that 
developed into berries. At harvest time 
the berries were picked by the grower, as 
in commercial practice, but the fruits 
from the sampling areas were kept 
separate, the culls were removed, and 
the marketable berries were counted and 
weighed. The efficiency of the insecticides 
was judged by the percentage reduction 
in cut buds and the percentage increase in 
the weight of marketable berries, as 
compared with the untreated plots. 

Resutts.—During 1920 and 1922 tests 
were made of undiluted lead arsenate and 
of different mixtures with sulfur. Results 
were usually good from the standpoint 
of reduction in cut buds but were not 
always satisfactory in so far as the effect 
on yield was concerned. Most promising 
results were obtained with a mixture of 
1 part by weight of lead arsenate and 5 
parts of sulfur. A dust containing 2 per 
cent of nicotine sulfate and lime was 
tested, with poor results. 

During the period 1925 to 1982, in- 
clusive, calcium arsenate and lead arse- 
nate were compared in various mixtures 
with sulfur and with both hydrated lime 
and dehydrated copper sulfate. The 
results, given in table 1, show that 
calcium arsenate was more effective than 
lead arsenate and that sulfur was a better 
diluent for this material than was a mix- 
ture of dehydrated copper sulfate and 
lime. Calcium fluosilicate was relatively 
ineffective, as was pyrethrum, applied in 
a spray of an unknown pyrethrins con- 
tent. Promising results were obtained 
with potassium hexafluoaluminate and 
also with undiluted pyrethrum powder. 

In an experiment on dewberries with 
four replicates in 1931, from 56 to 68 per 
cent control was obtained with potassium 
hexafluoaluminate, calcium arsenate, lead 
arsenate, and pyrethrum. All materials 
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except the pyrethrum were mixed with 
sulfur in the ratio of 1:5. Two applications 
were made at rates ranging from 20 to 32 
pounds per acre. 

The experimental work was discon- 
tinued in 1982, but was resumed in 1935 
in order to test ground derris root and to 
test more thoroughly the value of pyreth- 
rum powder, as both these materials 
can be used at any time without leaving 
harmful residues on the marketed fruit. 
Another objective was to obtain informa- 
tion on the increase in yield and profit to 
the grower following the use of insecti- 
cides for weevil control. The yields of 
marketable berries in successive years 
from 1935 to 1939, inclusive, in the un- 
dusted plots of the experiments were 2170 
2400, 1161, 254 and 2252 quarts per acre, 
The yield of only 254 quarts per acre in 
the 1938 experiment made the results for 
that season very unsatisfactory and of 
questionable value. The insecticidal mix- 
tures tested, the weevil control, and the 
effect on the yield are summarized in 
table 2. 

In 1935 the calcium arsenate-sulfur 
(1:5) mixture was compared with 2 
strengths each of pyrethrum powder and 
ground derris. Derris reduced the number 
of weevil-cut buds 42 per cent, and the 
plants dusted with this material looked 
much healthier than those dusted with 
calcium arsenate and sulfur. The latter 
was much more effective, however, from 
the standpoint of reduction in cut buds, 
and for the season as a whole it gave 70 
per cent control. The number of cut buds 
found on 600 feet of row following the 
third application was 257 in the calcium 
arsenate plots, as compared with 1044 in 
the derris (1 per cent rotenone) plots and 
1797 in the undusted plots. At that time 
the leaves that had been treated with the 
calcium arsenate-sulfur mixture were 
slightly crinkled and appeared lifeless and 
papery in comparison with the others in 
the experiment, and the growth of the 
plants was somewhat retarded. The foli- 
age injury may have been due to the con- 
ditioned sulfur used in this experiment. 
The conditioning agent added to the sul- 
fur during the manufacturing process is 
not known. 

The yield of marketable berries in the 
1935 experiment was disappointing, as 
none of the insecticidal treatments were 


appreciably affected by it. It is possible 
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Table 2.—Strawberry weevil control and the increase in yield of Klondike strawberries following 






the use of insecticides at Chadbourn, N. C., 1935-39. 



























1935, 3 applications, 6 replicates, 5-row plots, 112 feet long: 














































RATE PER 
ACRE PER INCREASE 
TREATMENT APPLICATION ContTrROL! IN YIELD 
Pounds Per Cent Per Cent 


Calcium arsenate 17%, sulfur 35 70 0 
Derris and clay (1% rotenone) 15 42 8 
Derris and clay (0.5% rotenone) 12 $1 S 
Pyrethrum and clay (0.25% pyrethrin I) 15 21 3 
Pyrethrum and clay (0.12% pyrethrin I) 12 9 9 
Difference required for significance (odds 19:1) — 31 (?) 
1936, 2 applications, 6 replicates, 5-row plots, 57 feet long: 
Calcium arsenate 17%, sulfur 32 48 —138 
Pyrethrum and clay (0.1% pyrethrin I) 14 41 —18 
Pyrethrum and clay (0.05% pyrethrin I) 8 25 — $3 
Derris and clay (1% rotenone) 10 13 — § 
Derris and clay (0.5% rotenone) 7 6 s 
Difference required for significance (odds 19:1) — (7) (?) 
1937, 3 applications, 6 replicates, 5-row plots, 50 feet long: 
Calcium arsenate 17%, sulfur 22 60 9 
Sulfur 88%, lime 17 30 18 
Derris and clay (1% rotenone) 11 13 9 
Derris and clay (0.5% rotenone) 12 9 19 
Pyrethrum and clay (0.2% pyrethrins) 16 2 10 
Difference required for significance (odds 19:1) -- 31 16 
1938, 1 to 3 applications,’ 6 replicates, 5-row plots, 44 feet long: 
Calcium arsenate 17%, sulfur 29 il 16 
Sulfur 25 - § 32 
Calcium arsenate 17%, tobacco dust 14 — 8 48 
Cryolite and tobacco dust (21% sodium fluoaluminate) 12 -— 8 0 
Tobacco dust (X grade) 15 11 —10 
Cryolite and sulfur (21% sodium fluoaluminate) 25 26 49 
Difference required for significance (odds 19:1) -- (?) (?) 
1939,‘ 3 applications, 6 replicates, 5-row plots, 50 feet long: 
Cryolite, undiluted (85% sodium fluoaluminate) 17 69 -21 
Cryolite and sulfur (42% sodium fluoaluminate) 21 64 2 
Calcium arsenate 17%, sulfur 24 44 7 
Pyrethrum and pyrophyllite (0.18% pyrethrins) 37 11 12 
Nicotine bentonite (3 per cent nicotine) 27 4 — 4 
Difference required for significance (odds 19:1) 17 (7) 















1 Decrease in weevil-cut buds, as compared with those in undusted plots. 
? Differences between treatments not significant according to the F test. 
? Each mixture applied once, twice, and three times on two plots each. 
‘ Conducted on Dorsett strawberries in Maryland near Pocomoke City. 








that the calcium arsenate-sulfur mixture 
caused sufficient injury to the plants to 
offset the benefits derived from the con- 
trol of the strawberry weevil. It is known, 
however, that the strawberry plant pro- 
duces many more buds than can develop 
into marketable fruit, and it is reasonable 
to assume that the control of the weevil 
will not affect the yield unless the weevil 
cuts enough buds to affect the crop ma- 
terially. Unfortunately, neither the total 
number of buds nor the number of mar- 
ketable berries was recorded. 

In the experiments conducted in 1936, 
1937, and 1939 the total numbers of buds 
and marketable fruits were recorded; 
therefore, the percentages of the buds cut 
by the weevil and of those that made mar- 





















ketable fruit could be calculated. These 
percentages offer a reasonable explanation 
as to why the weevil control obtained in 
the experiments failed to increase the yield 
materially. As shown in table 3, the straw- 
berry weevil destroyed only 8 to 21 per 
cent of the buds, and some of these were 
destroyed before the insecticides were ap- 
plied. In 1936 a late frost killed the buds 
and fruit after much of it had set. The 
experiment was conducted on buds pro- 
duced after the frost. This second crop 
was estimated to be of about the same 
size as the first crop. Only 69 per cent of 
the second crop of buds made marketable 
fruit, and only 8 per cent were cut by the 
weevil. This left a surplus of 23 per cent 
that failed to develop into marketable 
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berries and yet were not destroyed by the 
weevil. This percentage would no doubt 
have been much higher had not the first 
crop of buds and fruit been killed by frost. 
In 1937 there was 63 per cent of surplus 
buds, and in 1938 there was 57 per cent. 
It is not surprising, therefore, that appli- 
cations of the calcium arsenate-sulfur mix- 
ture giving 70 per cent control or less 

Table 3.—Buds cut by the strawberry weevil in 


control experiments, as compared with buds that 
made marketable fruit. 





Bubs THAT 
Mabe 
Cur MAarkKer- 
INSECTICIDE BY ABLE 
APPLIED Year Weevi. Berries 





Bups 


Per Cent Per Cent 
1936 5 62? 
1937 8! 27 
1939 14 28 


Calcium arsenate 17 
per cent, sulfur 


1936 8 69? 
1937 22 


None (check) 


15 
1939 21 22 





! Includes some buds cut in 1936 and 1937 before insecticides 
were applied. 

? Based on the number of buds produced after a late frost, 
which killed about half the selene crop. 
(Table 2) failed to increase the yield ma- 
terially. It appears from these studies that 
insecticidal control of the strawberry 
weevil would not be warranted in fields in 
which fewer than 25 per cent of the buds 
are expected to be cut. Unfortunately, 
there is no known method of determining 
what percentage will be cut in time to 
apply insecticides. 


JoURNAL or Economic ENTOMOLOGY 


Vol. 38, No. 6 


pyrethrum was very effective, although « 
mixture containing pyrethrum was shown 
by Pollard and Thomas (1942) to be very 
toxic under laboratory conditions. In 1938 
unsatisfactory control was obtained with 
each of the insecticides tested, including 
the mixture of calcium arsenate and sul- 
fur, but unfortunately the experiment was 
conducted on a very uneven stand of 
strawberries, and the weevil population 
was uneven and insufficient to cut over 18 
per cent of the buds produced on the 12 
undusted plots. In 1989 very promising 
results were obtained with undiluted cryo- 
lite and a mixture of cryolite and sulfur 
containing 42 per cent of sodium fluo- 
aluminate. Nicotine bentonite was not 
effective. 

Under the conditions of these studies it 
was not possible to obtain experimental 
data of value concerning the time to ap- 
ply insecticides. 

SumMary.—Experiments were  con- 
ducted on the insecticidal control of the 
strawberry weevil. Best results were ob- 
tained with arsenical and fluorine com- 
pounds but none of these were very satis- 
factory. The control of relatively light 
infestations of the weevil did not result in 
appreciable increases in yield. The straw- 
berry plants produced a large percentage 
of surplus buds that did not make market- 
able berries, and apparently a_ small 
amount of pruning by the weevil did not 
adversely affect the yield. Derris, sulfur, 
and pyrethrum were less effective than 
were calcium arsenate and cryolite. Nico- 


As shown in table 2, neither derris nor _ tine bentonite was not effective.—6-1-45. 
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Carr. W. E. McCautey 

The many friends of Captain W. E. McCauley 
will be pleased to learn of his return to this country 
after three years service with Sanitary Corps in the 
South Pacific. Mr. McCauley has resumed his work 
as entomologist with the Velsicol Corporation of 
Chicago, manufacturers of insecticides, resins, sol- 
vents, and other petroleum chemical derivatives. 





The Synergistic Action of N,N-Diethylpiperonylamide with 
Pyrethrum Marc in Control of the Mexican Bean Beetle 
C. A. Wercet and S. I. Gertier, U.S.D.A., Agr. Res. Adm., Bureau of Entomology and Plant Quarantine 


In the extraction of ground pyrethrum 
flowers with various solvents for the 
preparation of pyrethrum extracts and 
concentrates, a small amount of the 
pyrethrins is left in the marc. Prior to the 
war this residual product was burned by 
manufacturers, since it had little value. 
With the recent shortage of critical ma- 
terials the marc has been finding some use 
as a diluent, expecially for powders of high 
pyrethrin content. 

It has been found that the efficacy of 
the pyrethrins against certain insects is 
greatly enhanced by the addition of syner- 
gists, some of which have been found to 
boost their toxicity to several times the 
original value. According to results re- 
ported by Gertler et al. (1943 a, 6), and 
Gersdorff & Gertler (1944), N, N-diethyl- 
piperonylamide has shown marked syner- 
gistic action when used with small amounts 
of pyrethrins in a fly spray against house- 
flies. Musca domestica L. David & Bracey 
(1944) reported the synergistic action of 
N-isobutylundecylenaemide with pyreth- 
rins in fly sprays when used against the 
vellow-fever mosquito, Aedes aegypti (L.). 

In order to obtain data which might 
prove of value in the utilization of the 
waste pyrethrum marc for practical in- 
secticidal purposes, a number of com- 
pounds which were thought to possess 
some synergistic or other desirable prop- 
erty were tested with the marc. These 
tests were made at Beltsville, Md., in 
1944. 

EXPERIMENTAL PrRocepuRE.—Unless 
otherwise indicated, the dust mixtures 
used in these tests’'were prepared to con- 
tain 60 per cent of pyrethrum marc, 38 per 
cent of pyrophyllite, and 2 per cent of the 
compound to be tested. Third instars of 
the Mexican beetle, Epilachna varivestis 
Muls., were usually employed as the test 
insects. These larvae were reared under 
greenhouse conditions on bean plants 
variety Cranberry) growing in 4-inch 
plots. In order to get some information as 
to whether the toxic effect of the mixture 
was due to stomach of contact action, two 
methods of testing were used. In one 
method 10 larvae were transferred to the 


plant, and after they became settled the 
insecticide was applied; in the other 
method the plants were dusted with the 
mixture, and then the larvae were placed 
on the treated foliage. After being dusted, 
the plant was covered with a celluloid 
cage which was protected with cheese- 
cloth to prevent the escape of larvae. 
Some of these cages were provided with 
small side screens near the bottom to in- 
crease ventilation. The cages were kept 
under observation usually for 96 hours be- 
fore the mortality was determined, and 
longer periods in some instances. In some 
of the tests the larvae were not confined in 
cages. 

The insecticidal dusts were applied 
either with hand dusters or with small ap- 
plicators improvised from atomizer bulbs 
with tubing and small vials as containers 
for the insecticide. The latter proved satis- 
factory for treating individual plants. No 
measured dosages were used, but an ef- 
fort was made to apply an even coating on 
all plant surfaces and also to the larvae 
placed on the foliage prior to treatment. 

GREENHOUSE EXPERIMENTS.—In the 
first experiment 1-chloro-2(2-(2,3,4,6-te- 
trachlorophenoxy)ethoxylethane and N, 
N-diethylpiperonylamide were tested as 
synergists with pyrethrum marc. Six repli- 
cations were made between February 23 
and March 16. 

Soon after the dusts had been applied 
the larvae, whether placed on the plant 
before or after treatment, were greatly 
irritated, and many dropped to the soil, 
where they remained in a somewhat mori- 
bund state. The larvae that were treated 
with the mixture of pyrethrum mare and 
1-chloro-2[2-(2,3,4,6-tetrachlorophenoxy ) 
ethoxyJethane and with the pyrethrum 
mare alone eventually recovered, as many 
crawled back and reestablished themselves 
on the plant, where they resumed normal 
feeding and development. Among the 
larvae treated with the dust containing 
N,N-diethylpiperonylamide, however, a 
few individuals recovered temporarily and 
did a small amount of feeding, but 97 per 
cent were dead 96 hours after treatment 
and eventually all died. When the larvae 
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were placed on the foliage after the dust 
had been applied, they were not so seri- 
ously affected and the mortality was not 
so high, being 57 per cent on foliage 
treated with the dust containing N,N- 
diethylpiperonylamide. In each of two 
replications one adult emerged. In the 
untreated checks the larvae fed so vora- 
ciously that the plant was completely 
defoliated, and a fresh plant had to be 
supplied to furnish sufficient food for the 
remainder of the test period. 

To determine the possibility of fumigat- 
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with the dust containing N,N-diethyl- 
piperonylamide. Although the data are 
too meager to permit one to draw definite 
conclusions, the indications are that slight 
fumigation effect «cay have occurred in 
the test where the plants were caged, since 
in that test the mortality was slightly 
higher from the N,N-diethylpiperonylam- 
ide mixture, which was the more effec- 
tive treatment. 

In a third series of tests the same treat- 
ments were given to nearly full grown 
larvae on caged plants. Soon after ap- 


Table 1.—Mortality of Mexican bean beetle larvae on uncaged plants 96 hours after treatment with 





pyrethrum marc, with and without the synergist indicated; larvae on plants before treatment. 











DaTE 


TREATED SYNERGIST 


AMOUNT OF 
FEEDING 


Mor- 
TALITY 


EscaPEeD 
LARVAE 


Tora. 
LARVAE 





Feb. 29 
ethoxy]ethane 
N,N-Diethylpiperonylamide 
None 
Mar. 18 
ethoxy]ethane 
N,N-Diethylpiperonylamide 
None 


1-Chloro-2/[2-(2,3,4,6-tetrachlorophenoxy)- 21 16 14 


1-Chloro-2[2-(2,3,4,6-tetrachlorophenoxy)- 21 8 0 


Number Number Per Cent 


Plants defoliated 


None 
Plants defoliated 


Severe! 


37 5 84 
13 — 15 


None 
Severe? 


16 6 62 
17 — 12 





13 adults. 
? 5 adults, 3 pupae. 


ing action in these tests on caged plants, 
additional tests with the same dust mix- 
tures were conducted on uncaged infested 
plants. For each test an 8-inch shallow 
flowerpot containing several bean plants 
was allowed to become infested with bean 
beetle larvae and then dusted. This pot 
was left entirely unprotected, so that any 
fumes which might possibly be given off 
by the insecticide would be dissipated. 
The pot of treated plants was then held 
for observation in a shallow pan, the rim 
of which was coated with Vaseline or 
Tanglefoot to prevent the escape of any 
larvae that fell from the plant. Despite 
this precaution some of the larvae crawled 
over this sticky barrier and were lost. No 
untreated checks were used in these tests, 
since it is known that larvae develop nor- 
mally under such conditions. The results 
of two series of tests are given in table 1. 
It is apparent from the results shown in 
table 1 that the dust containing N,N-di- 
ethylpiperonylamide was definitely the 
most effective. The other two treatments 
were of no value. There was considerable 
feeding on the plants that received these 
two treatments, but none on those treated 


plication most of the larvae in all three 
treatments dropped to the ground. ‘These 
larvae were returned to the foliage, where 
they did very little feeding and soon be- 
gan to pupate; eventually most of them 
emerged as adults. Of the larvae receiving 
the N,N-diethylpiperonylamide dust only 
one died. 

To determine whether the compound 
itself was toxic, each test was replicated 


Table 2.—Mortality of larvae of Mexican bean 
beetle on caged plants 96 hours after treatment 
with dusts containing NV, N-diethylpiperonylamide, 
pyrophyllite, and pyrethrum marc in various com- 
—_— Average of six replications, May 11 to 
25. 








Averace Mortanity 

Wuen Larvae Were 
Piacep on PLants 
Before 

Treatment 


Per cent 


TREATMENT 


Treatment 
Per cent 

N,N-Diethylpiperonylamide, py- 

rethrum marc, pyrophyllite 

(2;60:38) 77 
N,N-Diethylpiperonylamide, pyro- 

phyllite (2:98) 
Pyrethrum mare, pyrophyllite 

(60:40) 
Check (no treatment) 
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six times from May 11 through May 25. 
Series of cage tests were performed in 
which a mixture of N,N-diethylpiperonyl- 
amide and pyrophyllite, a mixture of 
pyrethrum mare and pyrophyllite, and a 
mixture of all three of these materials 
were compared. As shown in table 2, the 
toxicity of the three-component mixture 
was much greater than that of either two- 
component mixture. 

In some replications a few of the larvae 
were larger than the others, and in several 
of these pupation began before the end of 
the 96-hour observation period. In the 
checks all larvae except one completed 
their normal development, and several 
emerged as adults. 

Several other compounds were also 
tested for possible synergistic action under 
the same experimental conditions. In 
these tests the larvae were placed on the 
plants before the treatments were applied. 

The average results of six replicated 
tests, the first on March 24 and the last 
on April 17, as given in table 3, show that 
none of these materials was of any value 
with the possible exception of N-amyl- 
benzamide. The degree of larval feeding 
ranged from slight to severe. 


Table 3.—Mortality of Mexican bean beetle 
larvae on caged plants 96 hours after treatment 
with pyrethrum marc alone and with various 
compounds tested for synergistic action; larvae 
placed on plants before treatment. Average of 
six replicates. 








Larva ContTINUING 
Averace Deve.Lopmenr ro! 
Mor- — - 
TALITY Pupae Adults 
Percent Number Number 
N-Butylbenzamide 32 8 
N-Amylbenzamide 50 7 
Ethylmethyl ketone semicarba- 


CompouNpD 


ne 22 6 
t-Methyleyclohexanone semi- 
carbazone 
N-Isobutylundecyleneamide 
Ethylene glycol ether of pinene 
Pyrethrum mare 
No treatment 





‘ First replication only. 


In the first replication the cages were 
held longer than 96 hours ‘» determine 
whether the surviving larvae would con- 
tinue their development to the adult stage. 
The data, also shown in table 3, verify the 
fact that none of these materials had any 
significant toxic effect. 

Incidental tests were also conducted 
with two additional compounds, 3,4- 
methylenedioxybenzyl-n-propyl! ether and 
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alpha-(n-propyl)piperidine as synergists 
for pyrethrum marc. The mortality with 
the first material was 90 and with the sec- 
ond material 100 per cent, when the lar- 
vae were placed on caged plants before the 
dusts were applied. In the tests with un- 
caged plants a lower kill resulted. Because 
of the severe injury to the plants, how- 
ever, no further tests for these two com- 
pounds were warranted. 

Ovutpoor Tests.—In small .plots of 
beans, each consisting of one 10-foot row, 
a mixture containing 60 per cent of 
pyrethrum mare and 2 per cent of N,N-di- 
ethylpiperonylamide was compared with 
cube dust containing 0.5 per cent of 
rotenone. The plots, arranged in five 
randomized blocks, were dusted with the 
mixture on July 27 and August 4, 14, and 
25. On August 14, just before the third 
application, 67 Mexican bean beetle lar- 
vae were counted on 10 trifoliate leaves 
taken at random from each of the plots 
treated with the pyrethrum-marc mixture 
and 2 larvae on a similar sample from the 
plots treated with rotenone. Twelve days 
later, or 1 day after the last application, 
the infestation had been reduced to 8 and 
0 larvae for the two treatments, respec- 
tively. In untreated check plots there were 
66 larvae on August 14 and 109 on August 
26. 

Observations following an application 
of the pyrethfum-mare mixture on Sep- 
tember 15 showed that within 2 hours 
most of the larvae and adults of the bean 
beetle were on the ground in a moribund 
condition. By the next day some of them 
had returned to the plants whereas others 
had been carried away by ants. Of 71 in- 
dividuals collected the day after treat- 
ment and placed on untreated plants in 
the laboratory for observation, 62 per 
cent were dead after 7 days. 

Conc.usions.—The results of the tests 
show that N,N-diethylpiperonylamide is a 
synergist for pyrethrum mare when used 
against the Mexican bean beetle. This ma- 
terial appears to act as a paralytic agent 
rather than a stomach poison. Since the 
affected insects drop to the ground, any 
factor such as extreme heat or direct sun 
would tend to kill them more readily. 
Further tests should be made on a larger 
scale, not only against the Mexican bean 
beetle, but also against other insects that 
may be controlled with pyrethrum, 
8-8-45. 
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Airplane Spraying of Rice Fields with DDT to Kill 
Mosquito Larvae 


C. B. Wisecup,' Wiitiam C. 


Preliminary studies at the Orlando, 
Florida, laboratory of the Bureau of Ento- 
mology and Plant Quarantine (Deonier et 
al, 1945, and Wisecup et al. 1945) had 
demonstrated that DDT (1-trichloro-2, 
2-bis (p-chlorophenyl) ethane) was very 
effective for the control of Anopheles and 
Psorophora mosquito larvae, and that ap- 
plications could be made from liaison-type 
airplanes (Deonier et al. 1945). In order to 
assist the Surgeon General’s Committee 
on DDT in making recommendations on 
the use of airplane spraying with DDT as 
a means of controlling mosquitoes, a se- 
ries of large-scale tests was conducted in 
the rice-growing area of east-central Ar- 
kansas from May 25 to September 4, 1944. 
The rice fields surrounding the Army Air 
Field near Stuttgart were selected for 
these tests. 

The system of rice growing practiced in 
Arkansas provides for an initial flooding 
of the young rice early in June, a short 
period of drying for the control of the rice 
water weevil, Lissorhoptrus simplex (Say), 
and an attempt at prolonged flooding 
throughout July and August. Since it is 
frequently impossible to maintain an un- 
broken body of water at this second flood- 
ing, a series of floodings usually occurs. 
Situations such as these provide ideal con- 
ditions for the development of large 
broods of floodwater mosquitoes of the 
genus Psorophora. Most periods of flood- 
ing, and especially the last one, are of 

' Entomologists, U.S.D.A., Agr. Res. Adm., Bureau of Ento- 
mology and Plant Quarantine, working under a transfer of 
funds, recommended by the Committee on Medical Research, 
from the Office of Scientific Research and Development. 

Lieutenant, Sanitary Corps, U. S. Army Air Forces. Equip- 
ment and some personnel were supplied by the Stuttgart Army 
Air Field, Eastern Flying Training Command, U. S. Army Air 
Forces; the Corps of Eagnoers of the Eighth Service Command; 


the Office of the Chief of Engineers, and the Office of the Surgeon 
General, U. S. Army. 
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sufficient duration for large broods of 
Anopheles quadrimaculatus Say to emerge. 

The development of DDT provided a 
material which showed promise for use in 
several ways in controlling the principal 
species of rice-field mosquitoes. Tests were 
conducted during the season to determine 
the efficiency of this insecticide when ap- 
plied for initial control of Anopheles and 
Psorophora larvae, as a preflooding treat- 
ment for the control of these larvae, and 
at heavy dosages to determine its residual 
effect as a larvicide. 

Metnuops.— All spraying was done with 
a Husman-Longeoy portable spray unit 
for liaison-type airplanes. Airplanes of the 
Army designation 1-2 (Taylorcraft), L- 
(Aeronea), and L-4 (Piper Cub) were used. 
Because of possible damage to rice by 
sprayed oils, all treatments were made 
with an aqueous emulsion containing 
either 5 or 10 per cent of DDT, made from 
a concentrate consisting of 25 per cent of 
DDT, 68 per cent of xylene, and 7 per cent 
of Triton X-100 (an aralky! polyether al- 
cohol). 

Because of the open nature of the coun- 
try in eastern Arkansas, it was possible to 
fly rather low and in regular pattern. All 
treatments were made with swaths 40 feet 
wide, the line of flight being marked by 
flagmen at each end of the field. Flying 
was always cross-wind, beginning at the 
leeward side of the field and working up- 
wind. Applications were made at any time 
of day that the winds were sufficiently safe 
for flying light aircraft. It was evident 
that the water emulsion was heavy enough 
to descend in regular swaths with a mini- 
mum drift when applied in winds up to 15 
miles per hour. 

The effectiveness of any treatment for 
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initial control was determined by compar- 
ing pretreatment and 24-hour dipping 
records in the treated field; of preflooding 
treatments by comparing dipping records 
from similar treated and untreated fields; 
aid of residual applications by comparing 
weekly dipping records. 

Resutts.—The results obtained during 
the season are summarized in table 1. Be- 
cause of the perfect initial control of 
Anopheles larvae which was being ob- 
tained with dosages as low as 0.1 pound of 
DDT per acre, slight attention was paid 
to this objective during July and August. 
Observations of less than perfect initial 
control in August prompted the making of 
two tests in fields of mature rice that pro- 
vided extremely heavy vegetative protec- 
tion to larvae. For these tests a more 
powerful Stearman (PT-17) biplane 
equipped with spray apparatus similar to 
that developed for the Cub was used. 

Perfect control of Psorophora larvae 
was obtained with all applications except 
with one lot of DDT applied on July 11 
and 15. 

If airplane applications for area control 
are to be economical in situations of fre- 
quent flooding and drying such as occur 
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in rice-growing districts, it is essential that 
large areas be treated irrespective of the 
larval populations at the time. This would 
involve determining the effects of pre- 
flooding treatments on dry fields prior to 
flooding, and the residual effects of the 
treatment on flooded fields. Preflooding 
treatments involving at least 0.2 pound of 
DDT per acre prevented the development 
of Psorophora larvae, although an ex- 
tremely large population of newly hatched 
larvae was frequently noted on the day 
after the field was flooded. Preflooding 
treatments of less than 0.5 pound of DDT 
per acre appeared to be of doubtful value 
against Anopheles, although for several 
weeks after flooding few anopheline larvae 
were found that had developed beyond 
the second instar. 

The duration of any residual action 
against Anopheles was determined by the 
period over which a field was free of any 
larvae. Thus the periods of 2 to 4 weeks of 
effective residual action shown in table 1 
represent the time between treatment and 
the finding of the first small larvae. It was 
again apparent that, although breeding 
had been resumed, the production of large 
numbers of adults was definitely inhibited. 


Table 1.—Results of airplane treatments of rice fields with DDT emulsions. 








DosacE Per 

ACRE : - 

- AREA Anophe- 
Date TREATED les 


Liquid DDT 


Quartz Pounds 1944 Acres 
1.4 0.14 June 15 15 100 
2.0 2 23 75 100 

July 15 - 
20 100 
43 100 
36 
100 


Soe we 
So Or Or Gr Gr 


eo = 
-~ oe 


20 
2 15 
Aug. 30 
23 
30 
Sept. 10 100 
15 100 


Per Cent Per Cent 


INITIAL CONTROL 


DwuRATION 
or Resipua 
Errect 


. -  PrerLoopinc ContROL 
Psoro- = ————_-———— 
phora Anopheles Psorophora 


Weeks 


100 


100 None Fairly efficient — 
Doubtful Fairly efficient Less than 3 
100 — 
Doubtful Very efficient About 2 
100 ’ 
Doubtful 
Very efficient 


Doubtful 
Doubtful 
Less than 2 


Doubtful Very efficient 


Very efficient 


Good 


Complete 


Doubtful 2 
- More than 3° 





lreatments with another lot of DDT applied on the same dates gave 100 per cent central. 


* Tests made with Stearman (PT-17) biplane. 
* Project terminated early in September. 
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Discussion.—With the Husman- 
Longcoy spray apparatus no discernible 
difference in results could be noted be- 
tween applications from the L-2, L-3, or 
the L-4 liaison types of airplanes. Only 
slight modifications in the supporting 
brackets of the apparatus were necessary 
for it to be installed easily in any of the 
three types of light planes, changes which 
could readily be made by any group of 
mechanics. 

Five Army Air Forces pilots, most of 
whom had little experience with this type 
of airplane and none of whom had done 
any crop dusting, all made satisfactory 
applications after a single test flight. It 
was evident that any Air Forces pilot can 
be quickly taught the fundamentals of 
mosquito-control flying, at least in open 
country without trees or other obstacles, 
such as was found in the Stuttgart area. 

More time was spent in servicing the 
airplane than was spent in the air. The 
25-gallon tank was sufficiently large when 
applications of 0.1 to 0.2 pound of DDT 
per acre for initial kill were being made, 
but was too small for the application of 
heavier dosages. The emulsion seriously 
rusted all iron pieces of equipment, but 
did not affect the aluminum tank or the 
brass pump. The spray boom, cut-off 
valve, and filler cap were the only parts 
requiring replacement during the season. 

No damage to developing rice could be 
observed during the season. Random 
counts of heads of rice from treated and 
untreated portions of several fields showed 
no difference in the number of plump 
grains that had been produced. 

SumMArRyY.—Large-seale tests to de- 
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termine the effectiveness of airplane 
spraying with DDT in achieving larval 
control of both Anopheles and Psorophora 
mosquitoes were conducted during the 
summer of 1944 in the rice fields adjacent 
to the Army Air Field near Stuttgart, Ar- 
kansas. A water emulsion containing 5 or 
10 per cent of DDT was prepared from a 
concentrate containing 25 per cent of 
DDT, 68 per cent of xylene, and 7 per 
cent of Triton X-100. Applications were 
made with liaison-type airplanes to more 
than 700 acres of growing rice. The follow- 
ing results were obtained: 

(1) The DDT-xylene-Triton X-100 
emulsion could be sprayed satisfactorily 
from an airplane. 

(2) Anopheles larvae were readily killed 
by application of 0.1 to 0.2 pound of DDT 
per acre, but preflooding treatments at 
these dosages were of doubtful value 
against these larvae. 

(3) Larvae of Psorophora spp. were 
killed by direct application of sprays con- 
taining from 0.1 to 0.2 pound of DDT 
per acre. 

(4) Similar light dosages gave good 
control of the larvae of Psorophora when 
applied before the fields were flooded. 

(5) Dosages greater than 0.5 pound of 
DDT per acre tended to give control of all 
mosquito larvae for about a month. 

(6) No damage to rice was observed as 
a result of these applications. 

(7) Liaisor-type airplanes of the Army 
designations L-2, L-3, and L-4 were 
equally satisfactory for spraying. 

(8) No special training was necessary 
for service pilots to make airplane appli- 
cations in open country.—10-3-45. 
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tories of the Company. Dr. McAlister was formerly 
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studies of DDT in the Orlando, Florida, laboratories 
of the Bureau. 





DDT Penetration Prevented by Adding Aluminum Stearate 
to DDT-Kerosene Solutions 


Wa ter Ese.ine, University of California, Citrus Experiment Station, Riverside 


In order to retard the rate of penetra- 
tion of kerosene into the various parts of 
the citrus tree, the writer (Ebeling 1941) 
has added 1 per cent or less of aluminum 
stearate. More recently interest in re- 
tarding the rate of penetration of kero- 
sene into the tree was revived by the 
possibility that DDT dissolved in kero- 
sene might be more efficiently deposited 
on the tree surface if the kerosene were 
prevented from penetrating, thus evapo- 
rating and leaving the DDT crystals on 
the surface. The extent to which the 
amount of DDT remaining on the tree 
surface may be increased is shown in fig- 
ure 1. The left half of the figure is a photo- 
graph of a portion of the left half of the 
lower surface of an orange leaf to which 
$ per cent by weight of DDT in kerosene 
had been applied, and the right half of the 
figure is a photograph of a portion of the 
right half of the same leaf to which the 
same solution plus 1 per cent aluminum 
stearate had been applied. 

The kerosene solutions were applied 
with a camels-hair brush, 0.1 ml. being 
applied to each half of the leaf. The DDT- 
kerosene solution had completely pene- 
trated into the leaf in than 10 
minutes, turning it dark in color. The 
stomata are located on the lower surface 
of an orange leaf and the penetration of 
an oil film is ordinarily very rapid. The 
DDT-aluminum stearate-kerosene solu- 
tion, however, remained on the surface for 
hours, slowly leaving the surface by evap- 
oration rather than by penetration. Obvi- 


less 


ously the kerosene solution remaining on’ 


the surface would leave more DDT on the 
surface than the solution which had for 
the most part penetrated beneath the 
cuticle. This can be clearly seen in figure 1. 

The addition of DDT to a kerosene- 
aluminum stearate solution reduces the 
gel-forming ability of the aluminum stea- 
rate and results in a less viscous solution. 
To overcome this effect of the DDT the 
per cent of aluminum stearate may be in- 
creased from 1 per cent to 2 per cent. 
However a 4 per cent DDT-kerosene so- 
lution containing 1 per cent aluminum 
stearate appears to penetrate the lower 


surfaces of citrus leaves no more rapidly 
than the same solution with 2 per cent 
aluminum stearate. Likewise even 0.1 per 
cent aluminum stearate is also highly ef- 
fective in retarding the rate of penetration 
of DDT-kerosene solutions. Nevertheless 
the following experiment was made with 
2 per cent aluminum stearate solutions. 
Five ml. of 4 per cent DDT in kerosene 
was applied to the lower surfaces of 60 
orange leaves (area 2268°sq. cm.) and 4 
per cent DDT in kerosene to which 2 per 


Fic. 1.—Effect of preventing the penetration of 
DDT-kerosene solution into the lower surface of an 
orange leaf by adding aluminum stearate to the 
solution. Left, light deposit of DDT crystals from 
a 4 per cent DDT-kerosene solution, because of the 
rapid penetration of the solution into the leaf; 
right, heavy deposit of DDT crystals from the same 
solution, after 1 per cent aluminum stearate had been 
added, caused by the evaporation of the kerosene on 
the leaf surface. X60. “ 


cent aluminum stearate had been added 
was applied to the lower surfaces of an- 
other 60 leaves (area 2292 sq. cm.). Next 
7 mi. of the first solution was applied to 
9 sections of lemon branches containing 
the grey, rough bark which absorbs even 
the films of oil deposited by the regular 
oil sprays very rapidly. The branches all 
had a similar type of absorptive surface 
but varied in their diameters from about 
0.5 to 0.75 inch and varied in length from 
about 5 to 10 inches. Then 7 ml. of the 
second solution was applied to 9 adjacent 
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sections of branches with practically the 
same surface area. The surface areas of 
the two groups of branch sections, com- 
puted by supposing them to be perfect 
respectively, 110 sq. in 


cylinders, were, 
and 107 sq. in. 

The treated leaves and branch sections 
were kept at room temperature. Within a 
half hour all visible DDT-kerosene solu- 
tion had penetrated into the leaves while 
the DDT-aluminum stearate-kerosene so- 
lution had penetrated in only a few small 
points. By the next morning, 20 hours 
later, all of the latter solution had left the 
leaf surfaces by evaporation. 


Table 1.—The effect of aluminum stearate in 
increasing the amount of DDT remaining on the 
surfaces of leaves and branches' after tne dis- 
appearance of the kerosene in which the DDT 
was dissolved. 








DDT on 
Lear BraNncu 
SURFACES SURFACES 
g./em*X10~ g., em?X lo 


DDT on 


SOLUTION 





Kerosene with 4 per 

cent DDT 1.3 
Kerosene with 4 per 

cent DDT and 2 per 

cent aluminum stear- 

ate 5.4 


38.4 


118.1 





1 Five ml. of kerosene solution containing 4 per cent DDT was 
applied to 2268 sq. cm. of leaf surface and 5 ml. of kerosene solu- 
tion containing 4 per cent DDT and 2 per cent aluminum stearate 
was applied to 2292 sq. cm. of leaf surface. The surface areas of 
the sections of branc'ies to which the above solutions were ap- 
plied were, respectively, 110 and 107 sq. cm. 


All visible traces of the DDT-kerosene 
solution applied to the sections of 
branches penetrated completely in a few 
minutes while some of the DDT-alumi- 
num stearate solution could be seen on the 
surfaces of the branch sections 20 hours 
later. 

The DDT on the surfaces of the leaves 
and branch sections was stripped with 
benzene and the amount removed was de- 
termined by a method devised by Gunther 
(1945) which involves the quantitative 
dehydrohalogenation of the compound. 
The results of the residue analyses are 
shown in table 1 

Table 1 shows that three to four times 
as much DDT is retained on the surfaces 
of absorptive substrata when 4 per cent 
DDT-kerosene solutions containing 2 per 
cent aluminum stearate are applied than 
when the same solutions not containing 
aluminum stearate are applied. 

The use of mutual solvents to increase 
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the amount of DDT that may be added to 
the oil solution affects the manner of dep- 
osition of DDT on the surface. Tetralin 
(tetrahydranaphthalene) and _ Velsicol 
AR-60 (mainly methyl naphthalenes) in 
10 per cent solutions in kerosene have a 
considerable effect themselves in retarding 
the penetration of the kerosene, but this 
effect is small compared to that of 1 per 
cent aluminum stearate. When these mu- 
tual solvents are used at 10 per cent con- 
centration in kerosene to make possible 
the addition of 8 weight per cent DDT to 
the solution, the crystals of DDT left on 
the lower surface of an orange leaf are dis- 
tributed about the leaf surface, after the 
kerosene has evaporated, in irregular 
strings, with large areas apparently free of 
DDT crystals. When aluminum stearate 
at 1 or 2 per cent is added to the DDT- 
tetralin-kerosene solution a much greater 
amount of DDT is retained on the surface 
and is more uniformly distributed. The 
crystals are arranged in a typical pattern 
which may be described as fan-shaped or 
asteroid, with the long crystals in radial 
lines usually 0.5 to 0.75 cm. long. On the 
other hand, when aluminum stearate is 
added to a DDT-Velsicol-kerosene solu- 
tion the DDT remaining on the lower sur- 
face of an orange leaf is in a typical mot- 
tled pattern of groups of irregularly placed 
short crystals. Thus aluminum stearate 
affects not only the quantity of DDT de- 
posited on the surface of an absorptive 
substratum, but sometimes also the pat- 
tern of crystal formation and uniformity 
of deposition. 

Extensive field experiments are being 
made to determine what effect the greater 
retention of DDT on the tree surfaces will 
have on the long term effectiveness of 
DDT in the control of the California red 
scale on citrus trees. 

In spraying citrus trees it has been 
found that the addition of 1 per cent 
aluminum stearate to 4 per cent DDT- 
kerosene used at 3 per cent concentration 
greatly increases the amount of DDT left 
on the surfaces of all parts of the tree, in- 
cluding the rough bark. This increase in 
deposit is plainly discernible. The trees 
sprayed with aluminum stearate-DDT- 
kerosene have a whitish appearance from 
the DDT crystals left by the evaporating 
kerosene, while the trees sprayed with the 
same concentration of DDT-kerosene but 
without aluminum stearate have rela- 
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tively few crystals on their surfaces, for 
the DDT is carried into the tree in solu- 
tion in the rapidly penetrating kerosene. 
Likewise DDT dissolved in light medium 
spray oil also to a large extent penetrates 

the tree with the oil. Analyses have shown 
three or four times as much DDT remain- 
ing on citrus foliage when 1 per cent alu- 
minum stearate is added to the solution 
than when DDT-kerosene alone is used. 
Similar increases are caused by the ad- 
dition of the aluminum stearate when 
mutual solvents are used to increase the 
amount of DDT in the kerosene. When 1 
per cent aluminum stearate is dissolved in 
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a solution of 9 parts kerosene and 1 part 
tetralin containing 8 per cent DDT, the 
resulting solution used at 3 per cent re- 
sults in a spray which leaves a heavy resi- 
due of crystals on the trees, giving them a 
whitish appearance that makes it possible 
to pick out the trees sprayed with this so- 
lution from aconsiderable distance. When 
mutual solvents of boiling points higher 
than kerosene are used they have a tend- 
ency to carry the DDT crystals into the 
tree to some extent despite the retarded 
penetration, and the results are not as 
striking as when tetralin is used as the 
mutual solvent.—9-18-45. 
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Dispersion of DDT Sprays from Fast Combat Aircraft! 


Howarp A. Jones, Artuur W. Lixpquist, Cruristian C. 


U.S.D.A., 


Tests at the Orlando, Fla., laboratory 
of the Bureau of Entomology and Plant 
Quarantine have shown that populations 
of adult salt-marsh mosquitoes may be 
greatly reduced by spraying solutions of 
DDT (1 -trichloro-2,2-bis(p-chloropheny]) 1)- 
ethane) from a slow-moving airplane 
(Lindquist et al. 1945). The control of 
mosquito larvae by this method has also 
been studied at this laboratory (Deonier 
et al. 1945). The success with airplane ap- 
plication of DDT suggested the possibility 
of utilizing fast combat aircraft for mos- 
quito control in forward combat areas 
where the use of slow-moving planes 
would be impractical. Of the standard 
equipment immediately available in all 
theaters of operation, the Chemical War- 
fare Service M-10 tank appeared to be the 
most readily adaptable to the distribution 
of DDT sprays. 

Che spray tests reported here were be- 

‘ This work was conducted under a transfer of funds, recom- 
mended by the Committee on Medical Research, from the Office 
of Scientific Research and Development to the Bureau of Ento- 
mology and Plant Quarantine. 

The writers are indebted to Lt. Col. T. 
R. B. March, at that time, respectively, ene officer, Army 
Air Forces Board, and chemical officer, Chemical Section, Oper- 
ations and Training Division of AFTAC, Orlando, Fla., who 
directed the srg with which the tests were made. The 
assistance of Q. A. Daniels, medical inspector 


AFTAC, in making contacts with various units and in carrying 
out tests, is gratefully acknowledged 


Enter and Capt. 


Deonter, and C. N. HusmMan, 


Agr. Res. Adm., Bureau of Entomology and Plant Quarantine 


gun in December 1943. It should be em- 
phasized that these tests were of a pre- 
liminary nature. They were not designed 
to develop spraying equipment or tech- 
nique, but only to determine the feasi- 
bility of using standard or slightly modi- 
fied equipment on combat aircraft for 
controlling insects with DDT. Details of 
individual tests are not given, but rather 
a résumé with typical results. 

EquipmMent.—The M-10 tank has a 
capacity of 33 gallons, but in all these 
tests 27.5 gallons (half of a 55-gal. drum) 
was used per tank. These tanks may be 
attached to almost any type of combat 
plane. The opening of the tank is 5 inches 
in diameter, and is closed by a glass plate, 
which is broken electrically by the pilot 
to release the contents of the tank. In or- 
dinary use a simple cylinder or pipe is at- 
tached to serve as a nozzle. This type of 
nozzle was used in some tests, and for 
others a modified nozzle was made by 
drilling four V-shaped clusters of fifty 
quarter-inch holes in the pipe and welding 
four air scoops, equally spaced around the 
outside of the pipe, into place over the 
holes. These scoops were intended to di- 
rect air into the cylinder to aid in breaking 
up the spray. 
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Table 1.—Conditions of flight and results obtained with release of solutions of DDT from M-10 


tanks attached to a twin-engine, light bomber flying at 250 m.p.h. 








ALTI- TANK OvuTLET 
TUDE Cross = ——————— 
OF Winp _ Restric- 


*LANE (approx.) tion 


Nozzle 





Feet M. ph. 


100 7 No Modified 


5 per cent of DDT in fuel-motor oil 


Simple 

Modified 
Modified 
Modified 


100 10 No 
100 10 No 
150 15 Yes 
125 5? Yes 


Feb. 
2 


Yes 
Yes 


Simple 
Simple 


0-3 
5-7 


Mar. 100 


175 


Tie 
or 
Dis- 
CHARGE 

Seconds 
5 per cent of DDT in fuel oil 


11 1350 
11-12 
10 per cent of DDT in fuel-motor oil-xylene 


ErrectivE SwatH Wiptu! 





On Houseflies On Anopheles 
CovERED ‘Resid . ad tis =? 
(approx.) . esidue In atus 

““’ in Dishes Cages Larva: 


Yards Yards Yards 


DIsTANCE 


Yards 


7 850 150—900 —- 200 
400 
400 
250+ 

200-300 


300 250 
250 250 
250+ — 
100-150 50 


650 
750 


5.5 
6.2 


1400 


800+ 
400+ 


300 
350 


200-300 
350+ 


800 
800 


6-7 
6-7 





Considered to extend from the first to the last station at which practically complete control of insects was obtained. 


* Shifting. 


A metal restriction plate was placed in 
front of the glass closure plate in some 
tests. A hole calculated to reduce the rate 
of flow to about one-half was drilled near 
one edge of the metal plate. 

In all but one of the flights the plane 
was a twin-engine, light bomber flown at 
250 m.p.h. A preliminary test was made 
with a single-engine fighter. One tank of 
solution was discharged in each test. 

Mareriats.—In most of the tests 5 per 
cent of DDT" in petroleum oil was used. 
Fuel oil No. 2 was used in the first tests, 
but later a 50:50 mixture of fuel oil No. 2 
and motor oil (S.A.E. 10 or 30) was substi- 
tuted. About 4 per cent of cyclohexanone 
was usually added to prevent crystalliza- 
tion of DDT during cool nights. In some 
tests 0.2 per cent of anthraquinone blue 
AB base was added for detecting the de- 
posit on filter paper. In the last test 10 per 
cent of DDT was dissolved in a mixture of 
30 parts of xylene and 35 parts each of 
fuel and lubricating oils. 

EXPERIMENTAL MetnHops.—Several 
field plans were used. In the simplest plan 
stations were arranged in two lines 100 
yards apart at right angles to the line of 
flight, and were 50 yards apart in the lines. 
The first station was usually 50 yards 
from the line of flight. A third line 100 
yards from and parallel with the line of 
flight was sometimes used to detect any 
variations in the rate of discharge. A line 
of flight was chosen as nearly as possible 
at right angles to the wind direction. A 


t All concentrations of DDT are referred to as weight per vol- 
ume. 


total of 14 test flights were made. In 9 
flights DDT spray was tested against in- 
sects, but in the other flights only spray 
distribution was studied. 

Tests were made in open terrain, except 
those of February 25 and March 1, in 
which a few of the stations were in a 
lightly wooded area. The spray distribu- 
tion was determined from deposits on 
glass plates or filter papers. 

To indicate the residual effect of the 
spray, petri dishes were placed at most of 
the stations to collect the DDT deposit. 
The dishes were taken to the laboratory, 
where houseflies, Musca domestica L. were 
placed in them, and observations made of 
the time required to cause 100 per cent 
knock-down, or of the percentage knock- 
down at the end of 2 hours. At some of the 
stations houseflies were exposed in small, 
cylindrical screen-wire cages and obser- 
vations made of the mortality 24 hours 
after the test. 

Beakers containing fourth-instar larvae 
of Anopheles quadrimaculatus Say were ex- 
posed at most of the stations, and the kill 
after 24 hours was observed. The condi- 
tions of the flight and the results obtained 
in seven of the tests see table 1. 

It will be seen that, with 5 per cent of 
DDT in the fuel-motor oil mixture and 
either the simple or the modified nozzle 
without the restriction plate (tests of 
January 25), good kills of houseflies in 
both cages and dishes were obtained over 
a swath of 250 yards and of anopheline 
larvae over a swath of 400 yards. 

The fact that the test of January 19, in 
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which no motor oil was added, gave a nar- 
rower effective swath may be significant. 
It is possible that because of evaporation 
the spray drifted over a greater area and 
thus reduced the DDT concentration. 
Later tests have indicated that a certain 
proportion of motor oil is desirable, al- 
though 50 per cent is unnecessarily high. 

In the test of February 23, in which the 
restriction plate was used, a 5 per cent so- 
lution gave good kills of insects over a 
swath of at least 250 yards. Control was 
complete at the end of the test lines and 
might have extended beyond this point. 
Because of the high wind and the altitude 
flown, first kills were observed 100 yards 
from the line of flight. In other tests con- 
trol was obtained within 50 yards of the 
flight line. With the restriction plate and 
modified nozzle the linear distance cov- 
ered by the spray was estimated at about 
twice that covered with the standard 


equipment. 

The results of the test of February 25 
emphasize the dependence of the treat- 
ment on wind velocity and direction, fac- 
tors that cannot be controlled. In this test 
the effective swath was much narrower. 
With 5 per cent of DDT the restriction 


plate and the modified nozzle may dis- 
tribute the spray too thinly for effective 
coverage. 

In the two tests of March 1, 10 per cent 
of DDT gave better control than had been 
obtained with 5 per cent. With the more 
concentrated solution of DDT but shorter 
time of discharge, the amount of DDT per 
unit area was undoubtedly greater than in 
any of the earlier tests. In the second test 
on this date, which was flown at a higher 
altitude and under more favorable wind 
conditions than the first, the effective 
swath was probably wider than in previ- 
ous tests. Unfortunately the test lines ex- 
tended only 400 yards from the line of 
flight. Almost complete kill of houseflies 
was obtained from the 50-yard to the 400- 
yard station, and kills might have been 
obtained over a wider swath. Control of 
anopheline larvae in this second test was 
practically complete from a point under 
the plane to the end of the test lines, an 
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indication that the spray would certainly 
have been effective well beyond this 
point. 

When the restriction plate was used, 
the time of discharge with the simple 
nozzle was less than with the modified 
nozzle. The reason for this is not known. 

The spray pattern was not uniform. 
This was particularly evident in those 
tests in which the deposit was observed on 
plates or filter paper. Because of this un- 
even coverage it is probably desirable to 
overdose so that a sufficient deposit will 
be obtained in all parts of the area. 

Conc.iusions.—Good control of cap- 
tive houseflies and anopheline mosquito 
larvae was obtained in preliminary tests 
by releasing DDT solutions from Chemi- 
cal Warfare Service M-10 tanks attached 
to fast combat planes. Effective swaths 
under favorable conditions ranged from 
150 to 400 yards. A plane flying cross 
wind and releasing one tank (27.5 gal.) of 
5 per cent DDT solution under these test 
conditions would have given good con- 
trol of insects over an area of about 30 
acres, assuming a 200-yard effective swath 
and a linear coverage of 700 to 800 yards. 

Better control of test insects was ob- 
tained with a 10 per cent solution of DDT 
than with a 5 per cent solution. It would 
seem desirable to use this higher concen- 
tration to compensate for the uneven 
character of the deposit obtained with 
this equipment, even though this may 
result in some overdosing. When applied 
at the dosage used in these tests, DDT 
may have injurious effects on fish, birds, 
frogs, and other wildlife. Such factors, 
however, would be of minimum impor- 
tance in military operations. 

These tests were the first to demon- 
strate the feasibility of controlling insects 
by release of DDT from fast combat air- 
craft. The equipment described was highly 
practical because of its immediate availa- 
bility in all theaters of operation, although 
it was not the most suitable for the pur- 
pose. Its use stimulated further investi- 
gavions in this field and served to fill the 
need until more efficient equipment had 
been designed.—10-1-45. 
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DDT as a Larvicide against Simulium' 


G. B. Farrcuttp, Gorgas Memorial Labor 
E. A. Barrepa, Pan American Sanitary 


The investigations here reported were 
undertaken in an attempt to devise a 
practical method for the control or eradi- 
cation of several species of Simulium 
(black flies or buffalo gnats) which are 
believed responsible for the transmission 
of a serious human filarial disease caused 
by Onchocerca volvulus in Guatemala and 
southern Mexico. The species of Stmulium 
thought to be most important are S., 
metallicum Bellardi 1859 and S. ovhraceum 
Walker 1860. The larvae of S. callidum 
Dyar & Shannon 1927, S. mexicanum 
Bellardi 1862 and S. exiguum Roubaud 
1906 as well as several as yet unidentified 
species were also abundant in the streams 
where tests were made, but we were not 
able to study the differential responses to 
treatment of the different species, if any. 
Most of the work was done at or near the 
town of Yepocapa in the Department of 
Chimaltenango, Republic of Guatemala 
during October and November 1944 and 
April and May 1945, but a few tests were 
run in streams near Pochuta in the same 
department and in the Rio Michatoya 
which drains Lake Amatitlan in the De- 
partment of Guatemala. 

For the purpose of orienting these who 
may be unfamiliar with Simulium a brief 
summary of the life history of these flies 
is here given. 

The adult Simulium flies are diurnal, 
but generally attack most readily in 
shaded or partially shaded situations. 
They rarely enter dwellings. The maxi- 
mum flight range is unknown, but scat- 
tered observations seem to indicate that 
it is considerable, in some cases exceeding 
five kilometers. The eggs are laid in swift 
streams on stones or trailing leaves 
covered by a thin film of water. 
Patches of eggs in favorable places may 
contain several thousand eggs, the results 
of the efforts of a number of females. 


' This investigation was carried out under the auspices of the 
Pan-American Sanitary Bureau and formed part of a cooperative 
- “ram with the vernments of Guatemala and Mexico 
or the eradication of Onchocercosis. The senior author worked 
under a contract, recommended by the Committee on Medical 
Research, between the Office of Scientific Research and Develo 
— and the Gorgas Memorial Laboratory, Panama, R. de 

2 were partially defrayed by a grant in aid from the 
Oo 3 of the Coordinator of Inter-American Affairs. 
tain, Sanitary C  — 
. Enginee r, U.S.P. 


, Panama? 
ureau® 


The length of the egg stage of the Guate- 
malan species is not accurately known. 
The larvae attach themselves to stones, 
sticks and submerged or trailing vegeta- 
tion by means of a circlet of hooks on the 
posterior end. These hooks are fastened 
into a patch of silk spun by the larva. 
Larvae move from place to place by spin- 
ning long threads on which they let 
themselves down to new locations, or by 
spinning new patches of silk and trans- 
ferring the posterior hooklets to them by 
a series of looping movements. The length 
of larval life for the various Guatemalan 
species is not accurately known. Respira- 
tion in the larvae takes place both through 
the skin and by means of anal gills, both 
air in the form of fine bubbles and dis- 
solved oxygen being utilized. Food con- 
sists of the microscopic plant and animal 
life caught in the basket-like mouth 
brushes which are held open by the cur- 
rent. Pupation takes place in shoe or 
slipper-shaped silken cocoons attached to 
rocks, leaves, etc., the open end of the 
cocoon being downstream and the pupa 
being held in place by hooks. Respiration 
during the pupal stage is accomplished by 
means of branched filamentous gills pro- 
truding from the anterior end of the pupa. 
The length of the pupal stage for the 
Guatemalan species is unknown. 

The actual investigation may be di- 
vided into two phases, first, preliminary 
studies to determine whether DDT | 
capable of killing Simulium larvae under 
the conditions obtaining in the onchocer- 
cosis zone, and second, development of 
economically practicable methods of ap- 
plication. 

The preliminary work was done with a 
concentrate consisting of 60 per cent 
xylene, 20 per cent DDT, and 20 per cent 
Triton x-100 by weight. This concentrate, 
when diluted with 4 parts of water, gives 
a stable emulsion containing 4 per cent 
DDT. The first tests were made in wooden 
sluice boxes where the flow of water and 
hence the dilution of DDT could be ac- 
curately determined. Vegetation with 
Simulium larvae attached was placed in 
the boxes and the emulsion poured in 
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Table 1.—Trials of 4 per cent DDT emulsion in sluice boxes. 








Esti- 
MATED 
No. 
LARVAE 
In Box 


FLow 
in GALs. 
PER 
MINUTE 


Ca.cu- 
LATED 
PPM. 


Box 
No. 


LARVAE 
ATTACHED 
At ENp or 
TREATMENT 


Per Cent 
EMER- 


PuPAE 
Emer- 
GED 


PuPAE 
Co.- 
LECTED 


Drab 
LARVAE 
IN NET 








100 
300 

80 
260 
200 
220 


few 
many 
100 
few 
300 
100 


none 


cnw-) 


none 
none 
3, bottom 
none 


Cens 


fair no. 


te) 
gi 
327 
76 
103 
not counted 


58 
44 
29 

0 
59 
10 


11 
0 
0 


~ 
‘ 


0 


box 





| Strong current probably washed most larvae through net. 


slowly at the up-stream end of the box. A 
cloth net was placed over the lower end of 
the sluice box to catch detaching larvae. 
All larvae found in nets were dead or 
moribund within 2 hours after the treat- 
ment. Each treatment consisted in the 
application of approximately 750 cc. of 
the emulsion over a period of 10 minutes. 
Table 1 gives the results of this series of 
tests. 

The pupae mentioned in the table were 
taken from the vegetation in the sluice 
box subsequent to treatment and held in 
individual emergence tubes for a least 3 
days. Emergence under the same condi- 
tions of pupae from untreated streams 
varies widely but is generally at least 25 
per cent. We feel that DDT kills a large 
proportion of pupae but is probably less 
effective against this stage than against 
the larvae. 

It was next considered advisable to test 
the emulsion on a large scale and at 
greater dilutions. For this purpose a num- 
ber of streams and small rivers were 
surveyed, their flow estimated and the 
presence of adequate numbers of Stmulium 
larvae determined. They were then treated 
by pouring in over a period of an hour a 
quantity of emulsion sufficient to give the 
desired concentration of DDT. In some 
cases sluice boxes containing vegetation 
bearing Simulium larvae were placed in 
the streams some distance below the 
point of application, while in others cer- 
tain leaves, branches or rocks bearing 
many larvae before treatment were 
marked and checked subsequent to treat- 


ment. Checking was usually done 24 hours , 


after treatment, occasionally 48 hours 
later Table 2 summarizes the results ob- 
tained in this series of tests. 

As can be seen from table 2, excellent 


results were obtained at very high dilu- 
tions. The last test is especially note- 
worthy, as 100 per cent kill was obtained 
at an initial concentration of only 1 part 
DDT in nearly 10 million parts of water. 

Having established that the DDT emul- 
sion will give satisfactory kills at very 
low concentrations, it was decided to try 
to see what effect treatment of all streams 
over a relatively large area would have on 
the adult population. This experiment was 
conducted by the junior author with the 
assistance of Dr. H. Elishawitz, and is 
being reported in detail separately, but 
will be summarized here for the sake of 
completeness. 

An area of approximately 20 sq. km. 
containing three relatively large rivers 
and 27 smaller tributary streams, and ly- 
ing well within the Onchocerca zone, was 
selected. An attempt was made to select 
an area having a high Simulium popula- 
tion and one that was as well isolated as 
possible by natural barriers from adjacent 
Simulium-infected territory. Treatment 
consisted of application to the area of the 
60-20-20 xylene-Triton-DDT mixture di- 
luted with water to give a 4 per cent 
emulsion, the dosage being calculated to 
give 0.1 ppm initial concentration. A 
satisfactory kill was obtained. 

To check the adult populations, biting 
rates on human subjects at six stations in 
the treated area and three stations in an 
adjacent untreated area were taken over 
a period of 7 weeks. The results were not 
as clear cut as could have been wished, as 
the test was apparently made at the be- 
ginning of a natural seasonal decline in the 
adult population. Since little information 
was available as to the seasonal variations 
in Simulium abundance, this complication 
could not have been anticipated. The 
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Table 2 








QUANTITY FLow 
4 Per IN 
CENT GALs. 

EMULSION PER 

in GALs. MINUTE 


DISTANCE 
or OBSERVED 
Ki 


IN METERS 


DDT 
PPM. 


TEST 


No. REMARKS 


600 Flow 800 gpm at 600 M. No increase for 
900 M. 
Flow 5800 gpm at 1500 M. 


1! 4 600 4 


1800 5 900 


4000 5 2600 Stream joined by another of 800 gpm flow at 
2600 M. 


4800 0.41 No checking done beyond 6100 M. 


600 2.2 


3500 


Sluice box placed 5740 M. below point of 
application. 

Flow 7000 gpm at sluice box. Flow 15000 
gpm at 10740 M. 


5740 


7000 0.18 5000 


0.13 10000 50% kill for an additional 1000 meters. Flow 


had increased to 40000 at 10 km. mark. 





1 The first three tests are divided on the basis of increased flow. The total distance of kill from point of application is the sum of 


the two figures given. 


decline in adult population was, however, 
greater and took place sooner in the 
treated area than the decline in the un- 
treated area. Two other factors which may 
have played a role in maintaining the 
population in the treated area are the 
possibility of considerable infiltration of 
adults from adjacent untreated areas, 
since the maximum flight ranges of the 
species present is not known, and the 
possibility that enough very small seep- 
age or spring-fed trickles were overlooked 
in the treatment to supply fair numbers of 
adults. Some support for the last supposi- 
tion is given by the fact that reduction of 
Simulium metallicum, which breeds in fair 
sized streams, was relatively greater than 
reduction of S. ochraceum, which seems to 
prefer the smallest seepage streams. 
Attention was next turned to the second 
phase of the investigation, the develop- 
ment of economically practicable methods 
of application. The use of drip cans was 
considered impractical, as very large num- 
bers would be needed and it was felt that 
the cost would be too great and that they 
were unlikely to be satisfactory dispensers 
of an emulsion of this nature. The use of 
absorbent solids appeared to offer con- 
siderable promise, as it was felt that cakes 
or blocks would be a simple way of dis- 
pensing the DDT, doing away with the 
time factor in application, and making it 
relatively simple to train the cheapest 
labor to do the actual application. It was 
hoped also that it would be possible to 


find some method of prolonging the treat- 
ment to such an extent that the breeding 
streams could be “sterilized” as it were, 
for periods longer than the length of adult 
life. This, we believed, might reduce the 
number of treatments necessary for con- 
trol to three or four, or possibly fewer per 
year. 

Table 3 lists the various substances 
tried as absorbents and the results ob- 
tained. A number of the blocks gave quite 
satisfactory kills, but testing was hamp- 
ered by the fact that one successful trial 
spoiled a whole stream for further testing 
for several weeks, and the number of 
accessible streams was rather limited. 

The use of plaster of paris blocks, 
sponge gourds, or sacks of sawdust with 
solutions of DDT seem promising methods 
of application, especially for the smaller 
streams. Additional trials to find the best 
and cheapest combination should be 
initiated. 

Since the cost of the xylene-T'riton- 
DDT emulsion is relatively high, and all 
three ingredients must be imported, ef- 
forts were made to find substitute solvents 
and emulsifiers, especially substances ob- 
tainable in Guatemala. It was found that 
at room temperature (about 20° C) 100 
ce. of commercial turpentine purchased 


_ locally would dissolve about 12 grams of 


DDT. In a letter from Dr. E. F. Knipling 
of the U. S. Dept. of Agriculture, dated 
January 4, 1945, he stated that his group 
has been able to dissolve about 14 per cent 
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Table 3 





Form ApPLiepD COMPOSITION 


Cast block g.pl. of paris 
ec. stock 
ce. water 


25 
25 
25 


block 


Cast 5 g. plaster 
5 g. DDT 
ec. 5% Triton 
X-100 in water 
‘ast block 5 g. plaster 
g. DDT 
cc. water 
block g. plaster 
ec. of a mixture 
of 25 cc. water, 
50 turpen- 
tine 10 g. 


DDT 


ec. 


& 


bleck g. plaster 

ec. of a n ixture 

of 25 cc. water, 

50 ce. turpen- 

tine & 6 g. DDT 

block g. plaster 

5 cc. of a mixture 
of 17.5 cc. water, 
50 ce. turpen- 
tine & 6 g. DDT 

block g. plaster 

ec. water 

ec. sol. of 6 g. 

DDT in 50 ce 

turpentine. 

block g. plaster 

cc. water 

ce. col. of 6 g. 

DDT in 50 cc. 

turpentine. 

g. sawdust 

ce. stock 


12 oz. cans filled with 
various mixtures, 
plugged with plaster 
& with nail holes in 
sides and bottom. 


} g. granulated 
charcoal 
ec. stock? 
g. coarse salt 
ec. stock? 


g. plaster 
cc. stock? 





GALS. 
PER 
MIN. 


Conc.’ 
PPM. 


0.44 


WHERE 


APPLIED ReEsvuLts 


50 Effective kill. Lasted 
a little over 24 hours. 


small stream 


200 


80% kill. Lasted less 
than 24 hours. 


sluice box 


No apparent kill. 
Lasted a little over 24 
hours. 


sluice box 


Effective kill. Lasted 
48 hours. 


small stream 100 


200 90% kill. Lasted a 


little over 24 hours. 


sluice box 


Effective kill. Lasted 


24 hours. 


sluice box 200 


Effective kill. Lasted 
4 days. 


small stream 100 


Effective kill. 
3 days. 


small stream Lasted 


1200 Effective kill. Ex- 
hausted after 6 days 
when live larvae found 
on can. 


stream 0.18 


800 Not effective. Plaster 
plug dissolved after 


24 hours. 


stream 


stream 0.019 4000 95% kill. Exhausted 
after 6 days and can 


half filled with sand. 


No kill after 24 hours 
and 60 hours. Plaster 
still intact. 


stream 





1 Unable to calculate concentration because turpentine leaked out during setting of plaster. 


Stock referred to consisted of 25 per cent DD 


, 7 per cent Triton X-100, 68 per cent xylene. 


* Concentrations in al] cases are included only for a basis of comparison and are calculated on a period of diffusion of one hour. 
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Table 3.—(Continued) 











COMPOSITION 


Form AppLiep 


’ 75 g. sawdust 
50 g. plaster 
200 cc. stock? 


29 blocks 3X3X?’ 
which had ab- 
sorbed 700 cc. 
of 4% DDT 


emulsion. 


Plaster of paris 


blocks 


“Esparto” sponge Sponge gourd set 

gourds set with plas- with plaster and al- 

ter lowed to absorb 350 
ce. 4% DDT emul- 
sion. 


As above, but plaster 
set with 4% DDT 
emulsion instead of 
water. After drying 
absorbed more emul- 
sion to a total of 650 
ce. 


0.8 gal. 25% DDT, 
7% Triton, 68% xy- 
lene absorbed by 
sufficient sawdust to 
give a moist mix. 


17. Sawdust in cloth sack. 


APPLIED 


TALS, 
Per 
Min. 


Conc? 
PPM. 


WHERE 

RESULTS 

1000 Effective kill 24 hours. 
About half contents 
dissolved. Can moved 
upstream 50 yds. No 
further kill after 5 
days when can empty. 


0.19 650 Effective kill for 200 
meters below last 
block in 5 hours. Pre- 
views treatment pre- 
vented further check- 
ing. 


5 small 
streams 


Effective kill for 300 
meters where stream 
joined large river. 
Plaster all washed out 
in 24 hours. 


stream 350 


3500 Effective kill for 1500 
meters. Sponge placed 
at junction of stream 
used in test #15 with 
large stream. Plaster 
all washed out in 24 
hours. 


large 
stream 


0.033 


25000 Perfect kill for 6 km 
in 48 hours. No kill at 
11 kms. Sack moved 
upstream 50 yds. and 
checked several days 
later but no further 
kill. 


river 0.13 





DDT in turpentine at 27°-30° C and up 
to 25 per cent by warming, which agrees 
fairly closely with our results. Although 
xylene will dissolve about 4.5 times as 
much DDT as turpentine, it cost nearly 
7 times as much in Guatemala. It would, 
therefore be possible to effect a consider- 
able saving in materials cost to use tur- 
pentine in place of xylene in making up 
the concentrate. 

The berries of the tree Sapindus 
saponaria are used locally for washing 
clothes and contain a relatively high 
proportion of saponin. A crude alcoholic 
extract of these berries was tried as an 
emulsifying agent. By its use a good 
emulsion of turpentine and water was 
formed which, however, was stable for 
only a short time, separating into two 
distinct layers in about an hour. Its 
homogeneity could be immediately re- 
stored by shaking. There is a possibility 
that crude saponin extracted from these 


berries could be used as an emulsifying 
agent, although methods of extraction and 
costs would have to be worked out, as 
well as the best proportions to use. 
During the course of the tests with 
turpentine, a single field test was made 
using turpentine as a solvent, but with- 
out an emulsifying agent. Ninety-five 
grams of DDT were dissolved in 950 cc. 
of turpentine, and to this was added 2835 
cc. of kerosene, to make one gallon. The 
kerosene was added to make bulk, since 
the solution had to be poured into a 
stream during a period of an hour, and 
the larger volume of liquid could be more 
evenly poured. A stream with an esti- 
mated flow of 4000 gals per minute, and 
having an adequate larval population, 
was selected and the kerosene-turpentine- 
DDT solution poured in throughout a 
period of 1 hour. This gives a concentra- 
tion of approximately 1 part DDT to 10 
million parts of water. The turpentine 
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and kerosene could be seen as a thin oily 
film on the water for some distance 
downstream. Checking the following day 
showed but two living larvae over a 
distance of 2580 meters. These two larvae 
were at 1500 meters, not far from the 
junction of a small side stream. No larvae 
were found in the sluice box 2100 meters 
from the point of application. 

Since neither turpentine nor kerosene is 
miscible with water and no emulsifying 
agent was used, we believe that the results 
observed in this test were due to actual 
solution of the DDT in water. DDT is 
said to be soluble in 10 to 15 million parts 
of water. 

To test further the possibility that 
enough DDT can be dissolved in water to 
give practical kills, an additional test was 
run. To 226 grams dry DDT was added 
100 ce. Triton and the two were mixed toa 
smooth paste. Water was added gradually 
to form about a gallon of suspension and 
the whole was poured gradually, with 
frequent stirring and shaking, into a river 
estimated to have a flow of about 8500 
gals. per minute. This dosage applied 
through a period of an hour, gives a con- 
centration of about 1 in 10 million. Larvae 
of Simulium were very scarce immediately 
below the point of application but at a 
distance of 2 kilometers downstream were 
fairly abundant. After treatment no 
larvae could be found for a distance of 
approximately 4 kilometers from the point 
of application. We believe that soap or 
saponin or any other wetting agent could 
have equally well been substituted for 
the Triton in this case. 

With the demonstration that DDT in 
the form of very dilute suspensions will 
give effectual kill the problem of methods 
of application changes. The search for 
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cheaper and more effective solvents and 
emulsifiers becomes unnecessary and at- 
tention may be directed towards dispens- 
ing methods suitable for use by relatively 
untrained personnel. The following possi- 
bilities suggest themselves: (1) a powdered 
or fine granular combination of DDT and 
soap; (2) a paste of soft soap and DDT to 
be mixed with water at the time of ap- 
plication; (3) bars of quickly soluble soap 
containing DDT to be placed in the smal- 
lest streams and seepages. 

SumMary.—Tests of DDT as a larvicide 
to control Simulium breeding in swift 
flowing mountain streams in Guatemala 
are reported. 

Using an emulsion containing 4 per cent 
DDT made from a stock concentrate con- 
taining 20 per cent DDT, 20 per cent 
Triton X-100 and 60 per cent xylene, 
complete eradication of Simulium larvae 
from streams for distances up to 10 
kilometers was effected at concentrations 
of 1 part DDT to 10 million parts water. 

Efforts to prolong larvicidal action by 
absorbing emulsions and solutions of DDT 
on porous substances were unsuccessful. 
However, solutions of DDT absorbed by 
porous substances offer possibilities as a 
method of application for treatment of 
small streams. 

Trials of turpentine and crude saponin 
from soap berries indicate that they are 
moderately effective as solvent and emul- 
sifying agent respectively, and might 
economically replace xylene and Triton in 
Guatemala. 

Further tests show that DDT powder 
made into a suspension in water with a 
wetting agent gave kills as satisfactory as 
those obtained with emulsions.'—1-10-46, 


1 Printing costs paid by the Gorgas Memorial Laboratory to 
secure early publication. 
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Pest Control Operators will be held in the Hotel 
Windsor, Montreal, on February 18, 19 and 20. The 
business meeting is scheduled for the 18th. Research 
projects, demonstrations, discussions of the place to 
be played by some of the new insecticides in the prac- 
tical pest control program and other timely topics 
will constitute the main attraction which should be 
sufficient to attract a large attendance. 












DDT as a Chicken Louse Control 


Horace 8. Tetrorp,' Ashland, Ohio 


Preliminary investigations with DDT 
louse powders on chickens (Telford 1944, 
1945) showed this insecticide to be toxic 
to the body louse, Eomencanthus strami- 
neus (Nitzsch), the shaft louse, Menopon 
gallinae (L.), and the fluff louse, Gonio- 
cotes hologaster Nitzsch in concentrations 
from 0.5 to 4.0 per cent and to exhibit 
excellent residual properties. Warren 
(1945) concluded that “DDT in concen- 
trations up to 10 per cent - - - does not 
afford the chicken any better protection 
than is provided by the standard sodium 
fluoride.” The observations herein re- 
corded, conducted during the summer and 
early fall of 1944, describe further experi- 
ments on the use of DDT as sprays, dips, 
dusts, and oral dosages against these same 
species of lice. Emphasis is placed on 
methods of flock treatment to eliminate 
the handling of individual birds. 

Mernops AnD Marertats.—The chick- 
ens under trial were from a commercial 
flock of White Leghorn hens. With few 
exceptions all harbored light to gross in- 
festations of one or more species of lice. 
Miscellaneous equipment included: poul- 
try houses, laying batteries of individual 
sages for confining the birds during cer- 
tain spraying trials, a hand-operated 
Lowell cattle fly-sprayer for spraying in- 
dividual birds; a Dobbins (No. 133) hand- 
operated dust gun, and a 2.5 gallon Myers 
(No. 2240) hand-operated pressure sprayer 
for applying dusts and sprays to flocks 
and to the interiors of poultry houses; a 
dim flashlight for use when flocks were 
sprayed while roosting at night. 

To determine the efficacy of treating 
individual birds, whether by oral dosing, 
dipping or spraying, the technique em- 
ployed was identical with that previously 
described (Telford 1945). Where entire 
flocks were treated simultaneously, both 
large (33 to 90 birds) and small (4 to 10 
birds) size flocks were employed. In ex- 
periments with large flocks the efficiency 
of the treatment was determined by ex- 
amination of 20 birds selected from the 
treated group. An adjoining poultry house 
confining a similar number of birds served 
as controls. The small flock tests were con- 


1 Entomologist, Dr. Hess & Clark, Inc. 


trolled by examination of 6 untreated 
marked birds maintained in an infested 
flock. 

EXPERIMENTAL Resutts.—Oral Dos- 
ages of DDT —The possibility of oral dos- 
ages being effective was suggested in the 
work of Lindquist et al. (1944), in which 
they obtained kills of bedbugs by allowing 
them to feed upon experimental rabbits 
that had been given oral dosages of DDT. 
Bedbugs are ideal test animals for such 
experiments, since they are susceptible to 
DDT and feed by sucking blood, thus 
readily taking up any chemicals which 
may be absorbed by the blood. While one 
could hardly expect efficient control of 
chicken lice by this method, nevertheless 
they are very susceptible to DDT and 
though primarily chewing insects, the 
work of Wilson (1933) indicates that the 
body louse may feed upon blood taken 
from the punctured soft quills near the 
base of the feathers. 

Four chickens harboring light to gross 
infestations of body and shaft lice were 
given one gram each of DDT in gelatin 
capsules and placed in laying batteries. 
These birds exhibited no toxic symptoms, 
remained on feed and laid some eggs 
while under observation. Examinations 
were made 3 hours, 24 hours, 6 days and 
13 days after administration. At 13 days 
no appreciable change in the population 
of body lice and shaft lice occurred in 
either the treated birds or the 4 birds 
serving as controls. The average weights 
of the treated and control birds at the 
beginning of the experiment were 2333 
and 2250 grams respectively. Four days 
later the treated birds had lost an average 
of 83 grams per bird. The control birds 
lost 22 grams. 

TREATMENT WitH Dips.—Four birds 
with light to gross infestations of shaft 
and body lice were dipped in a DDT 0.03 
per cent emulsion containing: 

DDT 2.4 grams 

Deodorized kerosene... 30.0 grams 

Vatsol OT?. 16.0 grams 

water to make 8000 ce. 
Almost complete kill was achieved within 
4 hours. No live lice were found in 2 sub- 


? Vatsol OT is a diocty] ester of sodium sulfo succinate. 
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sequent examinations 2 and 3 days later. 
These birds were then banded for later 
identification and released into an in- 
fested flock of approximately 100 birds. 
Forty-four days after treatment, all birds 
were free of lice except one which har- 
bored 5 shaft lice. This infested bird died 
of extraneous causes before the next ob- 
servation, 67 days after treatment. At 
this time one of the remaining birds har- 
bored a light infestation of shaft and body 
lice; the second, 5 body lice; and the third 
was still free of lice. 

To determine whether the solvent or 
the wetting agent may have accounted 
for these louse reductions, these materials 
were tested separately on three groups of 
four birds each, using the following for- 
mulations: (1) deodorized kerosene 30 
grams, Vatsol OT 16 grams, in 8 liters of 
water; (2) Vatsol OT 16 grams, in 8 liters 
of water; and (3) heavy mineral oil 30 
grams, Vatsol OT 16 grams, in 8 liters of 
water. Considerable reduction of body 
and shaft lice occurred in every trial; 
however, infestations began building up 
within 3 days after treatment, and when 
the birds were released into the infested 
flock and reexamined in 67 days, they 
harbored infestations comparable to their 
original louse populations. No appreciable 
change took place in the louse populations 
of 6 untreated control birds also main- 
tained in an infested flock. 

TREATMENT WITH SpRAYs.—As a pre- 
liminary step to determine the practica- 
bility of flock spraying, 5 trials of 4 birds 
each were conducted by spraying indi- 
vidual birds placed in laying batteries. A 
summary of the essential data is included 
The sodium fluoride sprays, 

were ineffective at 31.1 ce. 
The DDT 2.5 per 
to 39.1 ce. per 


in table 

0.7-per cent, 
and $2.2 ec. per bird. 
cent emulsions at 32.8 cc. 
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bird were highly effective. The residual 
effects of the DDT sprays were not as 
lasting as the dips containing this insecti- 
cide. All sprayed birds introduced into 
an infested flock were free of lice up to 
15 to 19 days, but after 33 to 37 days 
incipient infestations of shaft and body 
lice appeared. The louse populations of 
the birds sprayed with sodium fluoride, 
and the 6 control birds both maintained 
in an infested flock, remained relatively 
constant up to 37 days. 

SPRAYING AND DustTING FLockKs AND 
Hen Hovuses.—Results in applying DDT 
compositions to individual birds as dusts 
(Telford 1945), dips and sprays were 
sufficiently successful to warrant trials of 
flock treatment by these materials. Three 
types of investigations were undertaken, 
they were: (1) flock spraying, (2) spraying 
hen houses, and (3) dusting flocks and 
hen houses 

Seven sprays of known DDT composi- 
tions were applied to 5 large and 2 small 
flocks after the chickens had gone to 
roost. A summary of the essential data is 
shown in table 2. In the DDT 2.5 and 
5 per cent concentrations, shaft and fluff 
lice were effectively controlled; but the 
weaker emulsion was ineffective against 
body lice. The greater resistance of this 
species is due probably to its habit of 
feeding on the bird’s skin; the other 2 
species are usually more exposed because 
they feed on the feather shafts, barbs and 
barbules. There was no interruption in 
egg production or discoloration of the 
feathers following administration, and the 
birds showed no discomfort from the 
treatment. From the standpoint of econ- 
omy of materials and satisfactory kills, a 
DDT 5 per cent emulsion or suspension 
applied at the rate of 22 to 54 cc. per bird 
is most promising. Perhaps further ex- 


Table 1.—Results of spraying individual! birds in be som. batteries. 





Ce. NUMBER Onsrnva- 
oF TION 
Birps Periop 


PER 
ForRMULA Birp 
DDT 2.5%, benzol 10%, 32.8 4 
V atsol OS‘! 0.5°% in 
water 
Same formula 
Same formula 
Sodium fluoride 
0.7% m water 
Sodium fluoride 
0.7%, Vatsol OS 
0.5%, in water 


49 days 


53 days 
1 days 
$7 days 


37 days 


SPECIES OF Lou SE: 


Fluff 


Resipvuat’ Errect or TREATMENT 
Errect on Lice 


Yes 


Body Shaft 


x x x Complete kill within 40 hrs. 


Yes Complete kill within 48 hrs. 
Yes Complete kill within 48 hrs. 
- No control 


No control 





Vatsol OS is a sodium salt of an alkyl naphthalene sulfonic acid 


\ preps aration which de stroys all lice on a treated bird and which prevents reinfestation for 5 to 7 days exhibits, for purposes of 


* paper, a 
thers and destroys newly hatched lice as they emerge. 


‘residual effect’ " rogardle ss of whether that effect is ovicidal or by a residue of active insecticide that remains in the 
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2.—Results of flock spraying experiments. 








Ce. Nomper Osserva- 


TION 
Periop 


PER or 


Foamvu.a Brap Braps 


Species oF LOusE: 


Body Shaft Fluff 


Resiwva. Errect or Treatment 
Errect on Lice 





DDT 2.5%, benzol 36 90 
3.7% } *atsol O 8 

0.2% in water 

Same formula 47 


28 days 


6 days 


DDT 5%, benzol 10%, 21 days 
Triton X-1008 
0.3% in water 
DDT 2% bo Pyraz 4% a 
bentonite ; 2% in water 


DDT 5% Deenol 
water suspension 
Same formula 


4 days 


30 days 
30 days 


Same formula 30 days 


Complete control within 
36 hrs. 


x Yes 


Complete control of shaft 
lice, penny 50% 
control body lice within 
6 days. 

Complete 
7 days. 


control within 


Shaft and fluff lice killed 
within 40 hrs., body lice 
within 4 days. 

Complete control within $ 
days. 

Complete control within $ 
days. 

Complete control within 3 
days. 





1 Triton X-100 is polyethylene glycol monoisoocty} pheny! ether. 


perimentation would result in effective 
control at lower dosages of the 5 per cent 
concentration. 

Tests were conducted with various 
DDT sprays and dusts to determine if 
control could be achieved by applying the 
insecticide only to roosts, floors and nests. 
Sprays consisted of DDT, 2.5 and 5 per 
cent emulsions, and dusts contained DDT, 
2 and 5 per cent in Pyrar. Two large and 
6 small flocks were under observation. A 
summary of the results on dusting and 
spraying is embodied in table 3. DDT 
sprays, 2 to 2.5 per cent, on floors, roosts 
and nests in sufficient quantities hold 
some promise for control of lice, but they 
are slow to kill since complete control was 
not realized until 26 days after applica- 


tion. Better results might have been re- 
corded for Trial No. 4 had observations 
been continued for a longer period of time. 

The DDT dusts, 2 and 5 per cent, were 
generally unsatisfactory. One trial out of 
4 gave complete control 5 weeks after 
application. 

SUMMARY AND ConcLusions.— One gram 
of DDT was administered orally to each 
of 4 louse-infested birds averaging 2333 
grams. No significant reduction of body 
lice or shaft lice resulted. 

Dipping 4 birds grossly infested with 
body and shaft lice in a DDT 0.03 per 
cent emulsion gave almost complete con- 
trol in 4 hours. Complete control was 
achieved within 2 days. These birds were 
then placed in an infested flock of 100 


Table 3.—Results of hen house spraying and dusting experiments. 











Amount Numper Opsserva- 


or TION 


Formvc.a Biaps Periop 


Species or Louse: 


Body Shaft Fluff 


Errect or TR&aTMENT 
on Lice 


ResipvuaL 
Errect 








aoF 2.5%, benzol c. 90 28 days 
7%, V atsol OS 0.2% 
i water (spray) 


Same formula (spray) 26 days 


DDT 2.5%, benzol 5%, 20.0 cc. 26 days 
Vatsol OS 0.5% in 
water (spray) 

DDT 2%, Pyraz 4%, 
bentonite 2% in water 
(spray) 
DDT 2% 
(dust) 
DDT 2% in Pyraz 
(dust) 


6.3 ce. 12 days 


in Pyraz 1.4 gr. 


0.8 gr. 46 days 


DDT 5% 30 days 


(dust) 


> in Pyraz 


DDT $2 days 


(dust) 


% in Pyraz 


5 weeks 


Within 72 hrs. 16 of 20 
birds exam were free 
of lice. Within 10 days all 
birds free. 

All free of lice within 26 
days. Body lice last to be 
killed. 

Complete control of shaft 
lice in 6 days. Body lice 
at 26 days. 

Partial control of all species 


x Yes 


Twelve body lice on 1 bird 
remaining at 14 days. 

Shaft and fluff lice killed in 
7 days. Three birds still 
infested with body lice at 
46 days. 

Shaft and fluff lice killed in 
7 days. Two birds still 
infested with body lice at 


30 days. 
Shaft and fluff lice killed in 
21 days. Six of 20 birds 


examined still infested 
with body lice at $2 days. 




















birds. On the forty-fourth day one bird, 
which died soon after examination, har- 
bored 7 shaft lice. The surviving 3 were 
free of lice. In 67 days one was still free of 
lice, one harbored 5 body lice and one 
harbored incipient infestations of body 
and shaft lice. Dipping 12 infested birds 
in low concentrations of wetting agents 
both with and without solvents gave poor 
control of body and shaft lice. 

Spraying 12 birds individually in laying 
batteries with DDT, 2.5 per cent emul- 
sion at the rate of 32.8 to 39.1 cc. per 
bird resulted in complete control of body, 
shaft and fluff lice within 40 to 48 hours. 
These birds released into an infested flock 
were free of lice up to 15 and 19 days, but 
after 33 to 37 days incipient infestations of 
body and shaft lice appeared. Sodium 
fluoride 0.7 per cent individually sprayed 
on 8 birds at the rate of 31.1 to 32.2 ce. 
per bird gave no control of body and 
shaft lice. 
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In 6 flock spraying trials using 2 to 5 
per cent DDT emulsions and suspensions 
applied at the rate of 22 to 280 cc. per 
bird controlled all three species of lice 
from 36 hours to 7 days. One trial using a 
2.5 per cent DDT emulsion applied at the 
rate of 47 cc. per bird failed to control 
body lice at the end of 6 days. 

Spraying floors, roosts and nests in hen 
houses with a DDT, 2.5 per cent emulsion, 
6.3 to 20 ce. per sq. ft., gave complete 
control within 26 days. In one trial, a 
DDT 2 per cent suspension, sprayed at 
the rate of 6.3 cc. per sq. ft. gave partial 
control in 12 days. DDT dusts from 2 
to 5 per cent, applied on the floors, roosts 
and nests at the rate of 0.8 to 3.9 grams 
per sq. ft., were generally unsatisfactory 
against body, shaft and fluff lice since 
only one trial out of 4 gave complete 
control. Shaft and fluff lice were more 
easily controlled by spraying and dusting 
than body lice. 


Lindquist, Arthur W., E. F. Knipling, Howard A. Jones, and A. H. Madden. 1944. Mortality of bed- 
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Leaf Area and Its Relation to Application of Insecticides 


Directions as to the amount of ma- 
terial to use for the application of insecti- 
cides to crop plants are given for sprays 
in terms of dilution and for dusts in 
terms of pounds per acre of ground or 
merely a statement to use a certain dilu- 
tion. Such directions convey very little 
specific information since it is obvious 
that the amount of the spray or dust to 
use depends on the plant surface to be 
covered with the insecticide and not the 
ground area. 

If the amcunt of insecticide required to 
control leaf-eating insects and the leaf 
area are known, then it is possible to 
estimate how much poison must be de- 
posited per unit of area for proper control. 
However, when attempting to translate 
this information to field conditions it was 
found that the leaf area of growing plants 





W. W. Stan ey, University of Tennessee Agricultural Experiment Station, Knorville 





was not generally known, and no data 
were available. Since the importance of 
the leaf area of growing plants to insecti- 
cide and fungicide applications and other 
related factors was realized, data were 
secured on the leaf area of bunch bean 
and burley tobacco plants during their 
period of growth in the field. These plants 
were selected because of their different 
configurations, also both are commonly 
treated with insecticides. 

Meruops oF SecurinG Data on LEAF 
Area.—Seeds of Stringless Green Pod 
beans were planted on June 3, at the rate 
of 90 pounds per acre in eight rows 2.5 
feet wide and 65 feet long. The stand ob- 
tained averaged plants 2.93 inches apart 
or at the rate of 71,438 plants per acre’ 
Previous to planting, a heavy crop of 
crimson clover was plowed under. On 
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Table 1.—Summary of data on leaf area of growing bunch bean and burley tobacco plants. 





NuMBER LEAVES 


DATE Per PLANT 


Tobacco Tobacco 


Bean Bean! 


os) 


0 11.1 
0 14.9 
6 18.0 
19.4 
21.3 
21.9 
21.1 
21.0 
18.6 


June 
June 
June 
July 
July 
July 
July 
Aug 


July 5 
July 14 
July 20 
July 27 
Aug. 4 
Aug. 11 
Aug. 18 
Aug. 25 
Sept. 1 


i 


© 2 eee 
ee ee 


Lear AREA IN 
Sq. Cm. Per 
PLANT 


| Lear AREA IN AcREs 

| or Foutace Per 

| Acre or Grounp 
Bear” Tobaceo® 


Bean Tobacco 


2,620 .18 65 
6,894 .49 .70 
9,086 20 25 
13,444 07 33 
17,746 5.34 39 
21,072 5.42 20 
20 886 51 .16 
20 , 254 . .00 
18,322 2 


101.1 
270.7 
683.8 
1764.0 
3058 .0 
3015.0 
2598 .0 
2110.0 


oo oe Oe 


. 52 





1 Composite leaves 
2 Only one side and 70,356 plants per acre. 
July 1 a side dressing of sodium nitrate 
was applied to the beans at the rate of 150 
ry : 
pounds per acre. The plants at all times 
appeared normal. 
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AGE IN DAYS FROM PLANTING OR TRANSPLANTING 
Fic. 1. 
Beginning on June 17 and at weekly 
intervals for the next seven weeks, the 
total leaf area of 8 bean plants was re- 
corded. One plant was selected in each 
row where the stand was uniform and the 
plants were evenly distributed. The meas- 
urements were made by placing each leaf 
under a transparent piece of lucite which 
was marked off in squares of .04 sq. cm. 
On June 2 plants of burley tobacco 
were set out in a 10-row plot with rows 
3 feet wide and 65 feet long. On July 5 


Leaf area on beans and tobacco. 


* Only one side and 10,000 plants per acre. 


and at weekly intervals the leaf area of 
10 plants was recorded. The stand was 
uniform at about the rate of 10,000 plants 
per acre, and the plants to be measured 
were selected in the same manner as the 
bean plants. A crop of crimson clover was 
plowed under shortly before transplant- 
ing, and triple phosphate was applied in 
the row at rate of 300 pounds per acre 
when transplanting was done. The meas- 
urements were made by placing a large 
piece of celluloid, marked off in 1-inch 
squares, over each leaf and recording the 
number of square inches in each leaf. 

Data Optatnep.—The area of bean 
foliage per plant increased from 101.1 
sq. cm. on June 17 to 3058 sq. cm. (3.30 
sq. ft.) on July 14. The plants maintained 
practically the same maximum area for 
the period between July 14 and July 21. 
After July 21 the area showed a definite 
decrease as the older leaves died and fell. 

The data for bean plants are shown in 
table 1 and figure 1. Following the method 
of Brody (1927) it was found that the 
leaf area of beans increased at the instan- 
taneous percentage rate of 12.7 per cent, 
and at this rate the leaf area on the plants 
was doubled every 5.47 days beween 
June 3 and July 14. 

On July 5 the burley tobacco plants 
each had from 10 to 14 leaves, with an 
average of 2620 sq. cm. (2.82 sq. ft.) per 
plant. In 37 days (August 11) the plants 
had reached their maximum in total leaf 
area, an average per plant of 21,072 sq. 
cm. (22.68 sq. ft.). For the dates of August 
11, 18 and 25 the total was about the 
same, ranging from 21,072 sq. cm. to 
20,254 sq. cm. By September 1 the area 
had definitely decreased, as the lower 
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ToTau SQuARE FEET or 
LEAF AREA FOR PLANT 





Variety No.1 No.2 No.3 No.4 No.5 
Station No. 8 15.23 23.81 16.99 23.58 23.48 
Kelley 16.17 15.17 23.0u 14.81 20.56 
Kentucky 16 19.50 16.21 19.96 27.72 22.24 
Judy’s Pride 18.55 11.92 18.98 16.60 21.64 
Harrow Velvet 23.15 18.12 25.51 17.10 18.46 


Aver. No. Aver. No. Acres or LEAF 





or Sq. Fr. Leaves Sq. Fr. Surracke Per 
PER PER PER ACRE OF 
PLANT PLANT Lear GrouND SURFACE 
21.22 16.2 1.31 4.87 
17.94 13.8 1.30 4.11 
21.12 15.2 1.39 4.84 
17.54 14.0 1.25 4.02 
20.47 19.6 1.04 4.70 





leaves had dried and fallen. The plants 
were ready for harvesting during the 
week between August 18 and 25. 

The data for tobacco plants are shown 
in table 1 and figure 1, in comparison with 
the data on bean plants. 

It was found that the tobacco grew at 
instantaneous percentage rate of 6.7 per 
cent and doubled its area every 10.2 days. 
This is about one-half the rate of the 
beans. 

On August 24 at the Tobacco Experi- 
ment Station, Greeneville, Tennessee, five 
plants of five different burley varieties 
were measured at cutting time. It was 
found that the leaf area per plant varied 
from 17.94 sq. ft. to 21.22 sq. ft. (Table 2). 
This is fairly close to the leaf area recorded 
at Knoxville on an unknown variety of 
burley (Table 1). 

Spray Deposits ON Bean PLANTs.— 
The beans used to obtain the leaf area 
were used also in experiments to control 
the Mexican bean beetle. Two applica- 
tions of insecticide were made on the fol- 
lowing dates: June 27 and July 11. The 
doses varied from 1.5 pounds to 6 pounds 
per 50 gallons of water and were sprayed 
on the foliage at the rate of 200 gallons 
of water per acre of ground acreage. The 
sprayed leaf surface varied from 2.2 
acres, on June 27, to 10.2 acres, on July 
11 per acre of ground. Thus in 14 
days the leaf area increased five times, 
while the amount of insecticide used re- 
mained the same. Since the amount of 
poison applied per unit of leaf area was 
caleulated on the basis that all the ma- 
terial sticks to one side of the leaves, the 
dosage of 1.5 pounds per 50 gallons gives 
a deposit of .030 mg. per sq. cm. of leaf 
surface on 2.2 acres and only .007 mg. on 
10.2 acres. The dosage of 6 pounds varies 


~ 
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from .121 mg. to .025 mg. for the same 
acreage. 

In M.L.D. studies (unpublished data) 
using synthetic cryolite, a deposit ranging 
from .111 mg. to .210 mg. of eryolite per 
sq. cm. of leaf surface was required for a 
50 per cent kill of Mexican bean beetle 
larvae. The deposits of .111 mg. and .210 
mg. per sq. cm. range from about 10 
pounds to 20 pounds per acre (43,560 sq. 
ft.). Data on field tests have shown that 
larger amounts are more effective. 

SumMary.—The rapid increase in leaf 
area of growing bunch beans and burley 
tobacco was measured and it was found 
that the leaf area of beans increased much 
faster than that of tobacco. It was calcu- 
lated that the beans grew at an average 
daily rate of 12.67 per cent and the 
tobacco at 6.77 per cent. The bean plants 
averaged a maximum of 3058 sq. cm. 
(3.30 sq. ft.) per plant and the tobacco 
21,072 sq. em. (22.68 sq. ft.). However, 
on an acre basis the total leaf area was 
about the same, slightly over 5 acres, for 
both crops. 

Most instructions on how to apply in- 
secticides to plants give statements in 
terms of pounds of insecticide per acre of 
ground. Since the information obtained 
shows that the area of the leaves to be 
treated may be 5 to 10 times! more than 
the ground acreage, the instructions 
should consider also the stage of the de- 
velopment of the plants—the plant-sur- 
face area per acre of ground. 

M.L.D. studies show that an insecticide 
in field use must be applied in doses ap- 
proaching those used in laboratories for 
effective results.—11-20-45. 


_ 1 In the spraying of beans much of the spray settles on both 
sides of the leaves, Area of stalks and stems was not considered 
in the study. 
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SCIENTIFIC NOTES 


Platypus compositus Attacking Citrus 


Joun T. Creicuton, University of Florida, 
Gainesville 

The ambrosia beetle Platypus compositus Say is 
common in the Southern states. Blackman reported 
that in Mississippi he took it from hickory, pecan, 
yellow virch, cottonwood, weeping willow, sweet 
gum, sour gum, magnolia, and red oak (Blackman 
1920). It has also been reported from black oak, 
sugar maple, chestnut, basswood, red elm, beech 
and wild cherry (Hopkins 1893). The author has re- 
ceived two groups of specimens from Florida areas 
where it is attacking citrus trees. Identification was 
made by W. H. Anderson. Specimens were taken in 
a seedling grove near Wachula where it was doing 
quite a bit of damage. J. P. Linduska, of the Bureau 
of Entomology and Plant Quarantine of The United 
States Department of Agriculture forwarded speci- 
mens collected in the Lakeland area. These were 
attacking orange trees. The infestation was spotty 
but severe on those trees attacked. Injury was on 
the branches as well as on the trunk. These attacks 
seem to have followed a prolonged rainy period.— 
12-28-45. 
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The Alleghany Mound Ant 
and Its Control 


W. A. Price, University of Kentucky, Lexington 


For many years the Alleghany Mound Ant, Formica 
exsectoides Forel, has been known on sandy slopes of 
mountains in Pennsylvania. McCook in 1877 made 
some observations on the mounds, life history and 
behavior of their pest.' In 1928, several hills belong- 
ing to this species of ant were located on a farm near 
Louisville, Kentucky. At that time, the then usual 
recommendations for the destruction of ant nests 
were furnished to the land owner. In 1943, the ants 
were found on about 30 farms in the Louisville area 
and the farmers reported little or no success in con- 
trolling the pests with the remedies suggested. A sur- 
vey of the premises showed that the mounds ap- 
peared at the rate of about 18 per acre, with the 
number increasing rather rapidly as indicated by the 
recently established ones. In one instance the hills 
had spread to the yard and to a point 15 feet from 
the house. 

The mounds built by these ants varied in size. 
The largest one found was 3 feet high and 6 feet in 
diameter. The older and larger ones were covered 
with a thin blanket of litter made primarily of 
finely broken or ground pieces of stems, leaves and 
bits of- straw, inter-mingled with fresh pellets of 
earth. The main open burrows were near:the bases 
of the mounds, and it appeared that the ants coming 
to and leaving the hills used these openings, though 
there were openings over the entire peripheries of 


1 Trans. Am. Ent. Soc. 6: 253. 


the mounds where pellets of earth were being brought 
up from inside and deposited. 

In the general area of the mounds, the ground 
was practically covered with running ants. They 
were a nuisance and a source of great discomfort on 
account of their painful bites. These they execute 
by bruising and scraping the skin with the man- 
dibles and then spraying the affected area with an 
acid secretion. 

In an effort to discover a practical remedy several 
different insecticides were tested in the laboratory. 
After many trials it was found that a solution of a 
2% pyrethrum stock? diluted at the rate of 2 ounces 
to 10 gallons of water killed all ants coming into con- 
tact with the liquid and when poured onto the open 
mound completely exterminated the entire nest 
within a few seconds after treatment. 

The procedure for treating a mound is simple. 
With a hoe the top of the mound is pulled down to 
form a crater, the inside diameter of which approxi- 
mates the base of the hill. This opens up the tunnels 
for the ready entrance of the liquid and at the same 
time prevents run-off of the insecticide when it is 
poured rapidly into the crater. If the mound is not 
more than 5 or 6 inches high, formation of a crater 
is not necessary. The insecticide can be poured over 
the mound without having disturbed it. As soon as 
the crater has been formed (in case of the large 
mounds) the insecticide which has been prepared 
previously by adding the pyrethrum stock to the 
water and stirring in a milk can or other wide- 
mouthed receptacle, is poured. The liquid rapidly 
disappears down the tunnels leaving the openings 
sealed with mud, resulting in a perfect kill. 

For mounds 2} feet in diameter 10 gallons of the 
anticide will be necessary. If the hills to be treated 
are larger or smaller a proportionate amount should 
be used. Incidentally this treatment is excellent for 
the control of species of ants found around the yard 
and garden, two or three quarts of the material 
being sufficient for a single mound. 

After treating one of these mounds, which before 
cratering, stood about 18 inches above the ground 
level, it was excavated. The soil was a very light 
sandy loam which made handling easy. A trench 20 
inches wide and 6} feet deep was dug around the 
hill, leaving a core in the center 5 feet in diameter. 
The core was then pared down by removing layers 
apprpximately 2 inches in thickness. It was found 
that the shape of the nest below ground was that 
of an inverted cone about 3 feet in diameter at the 
top and extending into the ground 54 feet. The in- 
terior was permeated with smooth-lined tunnels 
about j inch in diameter. 

The ants, killed in situ, were found in dense spots 
throughout the nest. The greatest concentration, 
however, was in the upper part of the cone from 10 
to 24 inches below the ground level. Multiple queens 
were found in the mound and it appeared probable 
that the densely populated areas in the tunne's 
were the scenes of brood-rearing activities. 

The excavation of the mound disclosed that the 
remedy was highly effective and gave immediate 
results. It had the additional advantage of being 
easy of application without causing injury to the 
grass.—12-11-45. 


* The stock used was Red Arrow containing pyrethrins 2.0 
per cent and vegetable oil soap 33.0 per cent. 
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Two Squash Root Aphids 


Grorce F. Knowtrton, Utah State 
Agricultural College, Logan 


Two species of aphids, Trifidaphis phaseoli (Pas- 
serini) and Aphis middletonii Thomas (det. M. A. 
Palmer) were extremely abundant and were de- 
stroying young squash plants in a commercial field 
at Roosevelt, Utah, on July 18, 1941. The aphids 
were being attended by large numbers of ants, 
Lasius niger var. neoniger Emery (det. A. C. Cole). 
Both species of aphids were present on the roots of all 
squash plants examined. 

In a 10-acre field of squash examined by Mr. 
H. F. Thornley and the writer, approximately 3 
acres to the east were separated from the rest of the 
field by a small irrigation ditch. In this part of the 
field fully 50 per cent of the squash plants already 
were dead; many others died subsequently. In the 
remaining 7 acres some spots were less severely 
affected by the aphids. However, more than 30 per 
cent of the plants in the south portion of the field, 
and approximately 20 per cent of the plants to the 
north had been destroyed by these aphids. Many 
small plants appeared to be stunted or in such poor 
condition that their survival was extremely doubtful. 

Trifidaphis phaseoli specimens on squash were of a 
dirty whitish color, smudgy pearl-like in appear- 
ance. This color was lighter than that of specimens 
collected on roots of beans, which were more olive- 
green to brownish.—11-10-45. 


Elateridae Eaten by Utah Birds 


GeorcE F. Know.ton, Utah Agricultural 
Experiment Station, Logan 


A reading of Thomas,' two discussions of birds 
as predators on Elateridae led the writer to sum- 
marize the following data from examination records 
of bird stomach contents from the studies made 
during the past eleven years. Most of these birds 
were collected in Utah during late summer and fall; 
approximately 75 per cent of the stomachs were 
from birds taken on range land and the rest in crop 
areas. This may account for the elaterid count being 
lower than that found by several investigators for 
stomachs of birds collected in spring. During the 
spring, adult click beetles apparently are more 
abundant above ground, wireworms are nearer the 
surface, and at that time many insectivorous birds 
have been found to pick up large numbers of wire- 
worms and other soil insects in plowed and culti- 
vated fields, many such insects being fed to nestling 
young. A similar condition probably exists in Utah 
cultivated areas during the spring. 

Table 1 indicates the 29 species of birds in one or 
more of whose stomachs Elateridae were found. 
A total of 108 adult click-beetles are recorded. The 
presence or absence of elaterids in collected stomachs 
would largely reflect the availability and abundance 
of these forms at the time and place each bird had 
fed shortly before it was collected. 

Ten wireworms were recognized among the insect 
food, 2 being found in stomachs of the western 
sparrow hawk, 3 in desert horned larks, 3 in western 
robins and one each in western meacowlark and 


thick-billed red-wing blackbird. 


1 Thomas, C. A. The predatory enemies of Elateridae (Coleop- 
tera). Ent. News, 42: 159-163, 1931. Also Penn. Agr. Exp. Sta. 
Bul. 392, p. 32-5, 1940. 
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California gulls which commonly occur in large 
flocks of several hundred to 2000 and more and 
follow the plow each spring in hundreds of fields not 
too distant from the Great Salt Lake and Utah 
Lake, doubtless consume large numbers of wire- 


Table 1. The following table lists 29 species of 
insectivorous birds one or more of which were 
found to have recently fed upon adult Elateridae 
beetles. In addition, 10 wireworms were recog- 
nized in stomachs. 








Tora Brap 
SToMACHS 


Con- Exam- 
taining ined 


Cuiick 
BreerLes 
Recoc- 
NIZED 





Brap Specizs 





Desert sparrow hawk 
Sage grouse 

California cuckoo 
Poorwill 

Nighthawk 

Natalie sapsucker 
Arkansas kingbird 

Say phoebe 

Little traill flycatcher 
Wright flycatcher 
Desert horned lark 
Violet-green swallow 
Rough-winged swallow 
Barn swallow 

Sage thrasher 

Western robin 
Townsend solitaire 
American pipit 
White-rumped shrike 
Western meadow lark 
Redwing blackbird 
Brewer blackbird 
Western tanager 
Black-headed grosbeak 
Western vesper sparrow 
Sage sparrow 

Western lark sparrow 
Western chipping sparrow 
Gambel sparrow 


242 
17 


~ 
-— oe 
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126 


Total 108 101 2,018 





worms as well as white grubs, cutworms and other 
injurious insects. Other insectivorous birds fre- 
quenting such fields at the time of plowing or har- 
rowing also would be expected to pick up wire- 
worms; these larvae are deeper in the soil later in 
the season and are probably less easily found and 
eaten by birds.—10-18-45. 





Labops Damage to Range Grasses 


Grorce F. Know.tton, Utah State Agricultural 
College, Logan 


Labops tumidifrons Knight (det. Dr. R. I. Sailer) 
was present in large numbers during the season of 
1945 upon clumps of giant wild rye grass, Elymus 
condensatus, in the Laketown area of Utah near 
Bear Lake at an elevation of 6,010 feet. By mid-June 
of 1945, the yellowed, paler grass foliage could be 
recognized as seriously off-color at a distance ap- 
proximately one-fourth mile from the affected area. 
The farmer who owned the pasture felt alarm, as 
this land normally produces a heavy growth of 
native bunch grass, used as pasturage for livestock 
during the winter when snow dampens the coarse 
foliage, making it palatable for cattle. 

On July 18, 1945, hundreds of specimens of this 
bug were collected in a few sweeps of the insect 
net. From five to 175 bugs were counted on indi- 
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dividual bunches of grass. Each feeding puncture 
apparently resulted in production of a tiny round 
white spot on the leaf; several thousand such whitish 
dots were present on a large percentage of indi- 
vidual blades of grass. Much less spotting was 
present on grass stems and on the sheath parts 
which surrounded the stems. 

The Labops infestation was confined chiefly to 
one low ridge, the bugs being scarce on bunch grass 
and other grass across a swale, only 6 to 8 rods away. 
One specimen of this bug also was picked up on 
wild rye grass in Logan Canyon; another on bunch 
grass at Garden City, both on July 18, 1945. A speci- 
men was taken near Fish Haven, Idaho, July 15, 
1945. Others were collected from large bunch grass 
at Monte Cristo, Utah, July 24, 1943 (G. F. Knowl- 
ton and D. R. Maddock). 

Where giant wild rye grass gave way to dense 
growth of several other species of grass, on the mar- 
gins of the low ridge near Laketown, the bugs were 
also feeding on and causing varying amounts of 
damage to at least five additional species of grasses. 
Least damage and only an occasional bug was noted 
upon a bluish meadow grass which occurred among 
the mixed-grass stand, though several other nearby 
grasses were damaged conspicuously. The damage 
decreased as the distance from the heavy growth of 
giant wild rye grass increased. 

Labops hesperius Uhler was collected at the sum- 
mit of Wolf Creek Pass, Utah, near the camp 
grounds spring, on July 24, 1945, at elevation about 
9,000 feet. In one spot, on the meadow grass, there 
was a substantial concentration of these bugs, 88 
being taken in 5 sweeps of the insect net. Typical 
pale feeding spots were present, resulting in moder- 
ate injury, on the grass in this area. Smaller num- 
bers of Labops were taken in sweeps in several 
other parts of this small meadow area. 

One to six Labops hesperius (det. R. 1. Sailer) 
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were taken per sweep of the insect net on giant rye, 
smooth brome and several other kinds of talle: 
grasses at stops made within a mile of the summi! 
in Wolf Creek Canyon, and along the West Fork of 
Duchesne River, Utah July 24, 1945, at elevations 
of 8000 feet and above. This species also was take: 
in moderate abundance on meadow grass and other 
grasses along streams at Strawberry Reservoir and 
Strawberry Creek, Utah, July 25, 1945. Damage was 
not serious. Previously E. W. Anthon had collected 
specimens in the Strawberry area on August 4 and 
10, 1933 (det. H. G. Barber). A few specimens were 
collected upon grass, near stream, in upper Daniels 
Canyon, Utah, July 24, 1945, at an elevation of 7,850 
feet. ae > 

Labops hirtus Knight was abundant, running 
about on the ground and feeding on range grass at 
Amalga, Utah, July 2, 1937 (det. H. G. Barber). 
Three specimens a were collected at Franklin, 
Idaho, on the same date.—11-10-45. 


Toxicity Tests of Certain N-Substituted 
2,4-Dinitroanilines on Codling 


Moth Larvae 


E. H. Stecuer and S. I. Gertier, U.S.D.A., Agr. 
Res. Adm., Bureau of Entomology and 
Plant Quarantine 


The present paper gives the results of laboratory 
tests of certain N-substituted 2,4-dinitroanilines 
against the larva of the codling moth, Carpocapsa 
pomonella (L.). 

All compounds were prepared by reacting 1-chloro- 
2,4-dinitrobenzene with the required amine. They 
may all be considered as derivatives of 2,4-dinitro- 
aniline, in which one or both of the amino hydrogens 
are substituted by various groups. Where aromatic 





Table 1.—Toxicity tests of N-substituted 2,4-dinitroanilines against codling moth larvae. 





ComPoUND 
2,4,4’-Trinitrodiphenylamine 
N,N-Diethyl-2,4-dinitroaniline 


CeH;(NO2)2.NHC.H,NO, 
CeHs(NO2)2N(CoHs)2 


PERCENTAGE OF 
Wormy Piucs 


FoRMULA 


N,N-Diisobutyl-2,4-dinitroaniline 
N-Isobutyl-2,4-dinitroaniline 
N-Ethyl-2,4-dinitroaniline 
N-Isopropy]-2,4-dinitroaniline 
3'-Methyl-2,4-dinitrodiphenylamine 
N-Ethyl-2,4-dinitrodiphenylamine 
’-Chloro-2,4-dinitrodiphenylamine 
’-Chloro-2,4-dinitrodiphenylamine 
2,4-Dinitro-N-propylaniline 
N-Methyl]-2,4-dinitrodiphenylamine 
2’-Methyl-2,4-dinitrodiphenylamine 
N-Amy1-2,4-dinitroaniline 
N-(2,4-Dinitropheny])-1-naphthylamine 
N-Butyi-2,4-dinitroaniline 
2’-Methoxy-2,4-dinitrodiphenylamine 
N-(2,4-Dinitropheny])-2-naphthylamine 
4’-Methyl-2,4-dinitrodiphenylamine 
N-Methyl-2,4-dinitroaniline 
1-(2,4-Dinitropheny]) piperidine 


N,N’-Bis(2,4-dinitropheny]) ethylenediamine 


Lead arsenate 
Untreated check 


CeHs(NO2)2N{/{CH2CH(CHs) o}. 
C6H3(NOz),NHCH,CH(CH;,): 
CoH 3(NO2)2NHC2H; 
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CyH3( NO) »NHC;H; 
CeH;(NO:2)2N(CH;)C.H; 
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CoH; NHCeH;( NO?) 
CsH;(NO2):.NHC Hy 
CeH;(NO2)2NHC,H,OCH; 
CoH; NHCoH(NOz)s 
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groups were used as substituents, the compounds are 
named as derivatives of 2,4-dinitrodiphenylamine, 
except where naphthylamine, pyridine, and diethyl- 
amine were used. In these instances a different 
nomenclature is required. 

The insecticidal evaluations were obtained by the 
apple-plug method. The number of apole plugs used 
in the tests were 301 for lead arsenate and 305 for 
the check (untreated), and ranged from 80 to 108 
for the organic compounds. Each plug was infested 
with a single ready-to-hatch codling moth egg. 

The sprays were used at the rate of 4 pounds to 
100 gallons of a carrier which consisted of 20 per 
cent of ethanol (95 per cent) and 80 per cent of 
water by volume. The sprays were applied with a 
compressed-air sprayer. 

The names and line formulas of the organic com- 
pounds tested and the results obtained in compari- 
son with lead arsenate and check (untreated) tests 
are given in table 1 

2,4,4’-Trinitrodiphenylamine was slightly more 
effective than lead arsenate; for the most part, the 
rest of the compounds showed little to no toxicity.— 
11-24-45. 


Improved Dispenser for Testing New 
Liquefied-Gas Aerosols 


Lyte D. Goopuusr, W. R. BaLuincer, and 
J. H. Fates, U.S.D.A. Agr. Res. 
Adm. Bureau of Entomology 
and Plant Quarantine 


When insecticidal aerosols (Goodhue 1942) are 
tested for biological effectiveness, a specially cali- 
brated dispenser must be used to measure the dosage 
under pressure. The dispenser first used for this 
purpose was described by Goodhue & Sullivan 
(1942). Later a dispenser measuring amounts down 
to 1 gram was described by McGovran et al. (1943). 
Both types were satisfactory for the aerosol for- 
mulas for use in tests by the Peet-Grady method, 
in use at that time, but the improved formulations 
have created a need for a new device to dispense 
less material. To meet this demand a dispenser that 
will deliver definite quantities down to 0.1 gram has 
been devised. It is similar to a dispenser recently 
described by Batt (1945), but is more simple in con- 
struction. A method of calibration is included and 
described below. 

Description OF Apparatus.—A_ longitudinal 
section of this dispenser is shown in fig. 1. A .75 inch 
brass pipe frame, A, 7.5 inches long, with two win- 
dows, .75 inch wide and 5.5 inches long, cut out on 
opposite sides, was threaded on one end with half- 
inch pipe threads, B, and on the other with a ma- 
chine thread, C. A commercially available Y-valve, 
D, for small refrigerant drums was next fitted with a 
one-sixteenth inch i. d. tube, E, 2 inches long and 
screwed into the .375 to half-inch reducing bushing, 
F. The bushing was filled with molten solder and 
smoothed so that it would make a good seal against 
the neoprene (artificial rubber) washer, G. The tube 
E was next connected by a neoprene tube, H, to a 
graduated glass measuring tube, J, capable of indi- 
cating 0.1 gram. 

Tube H, of optional length, was made by thicken- 
ing a 10-mm. pyrex tube and drawing it down to 
equal tube E in diameter. It was graduated after 
having been calibrated according to the method to 
be described later in this paper. A heavy-walled 
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pyrex test tube, J, 6.5 inches long, which fits loosely 
in the frame A, was used as a chamber. It was held 
in place against the neoprene washer, G, by a screw, 
K, with machine threads, which was provided with 
a leather washer, L, to protect the tube. A capillary 
nozzle, M, was made by soldering a reinforced piece 
of metal capillary, 0.018 inch i. d. and 4 inches long, 
into an eighth-inch pipe connection. This fits the 
connection N in the valve and screws down against 
the copper gasket, O. It is better to use a gasket 
than to depend on the threads to make the seal, 
because the threads wear rapidly. 





















































Fic. 1.—Improved methyl bromide dispenser. 


CaLisraTiIon.—o-Dichlorobenzene, which has a 
density very close to the average density of the 
aerosol solutions in Freon-12 (dichlorodifluoro- 
methane), was weighed into the tube in the amounts 
of 0.15, 0.3, 0.5, 1.0, and 2.0 grams, and temporary 
divisions were made on a paper scale. To complete 
the calibration a dyed aerosol solution of the follow- 
ing composition was used: o-dichlorobenzene 30, 
anthraquinone blue AB base 0.05, and Freon-12, 
69.95 per cent. 

The liquefied-gas solution was made up by the 
method of Goodhue & Sullivan (1942) in a container 
having a Y-valve of the type used on the dispenser. 





710 


Five grams of the solution was transferred to the 
pressure test tube described by McGovran et ai. 
(1943), and the Y-valve was opened to allow the 
liquefied gas to boil away. (Methods of handling 
liquefied-gas solutions are also described in Mc- 
Govran’s paper.) The remaining o-dichlorobenzene 
and dye were transferred to a 500-ml. volumetric 
flask and diluted to the mark with acetone. The color 
was then determined on a photoelectric photometer 
in terms of transmission for 1 gram of liquefied-gas 
solution in 100 ml. of acetone. About 10 grams of 
the dyed liquefied-gas solution was introduced into 
the dispenser to be calibrated, and the greatest 
amount indicated by the temporary calibrations was 
dispensed through the capillary tube into 10 ml. of 
acetone. The acetone was held in a 50-ml. Erlen- 
meyer flask with a rubber stopper through which 
the capillary was passed, thus making a closed ab- 
sorption chamber for the liquefied-gas solution. 
This was diluted to a known volume and compared 
with the standard. The dispenser was cleaned and 
refilled, and the next smallest amount was dispensed 
in the same manner, and so on until each mark was 
checked. The 1- and 0.5-gram marks delivered 96 per 
cent, the 0.3-gram mark delivered 90 per cent, and 
0.15-gram mark gave only 66 per cent, which was 
actually 0.1 gram. The marks were finally adjusted 
to deliver 0.1, 0.25, 0.50, and 1.0 gram of solution. 
This method of calibration is very satisfactory be- 
cause it indicates the exact amount delivered. 
Discussion.—The dispenser described above is 
the best of many experimental models. It is sturdy, 
easily cleaned, and easily operated. It is easily filled 
and adjusted to the mark, and it can be used to dis- 
pense two charges before refilling. Finally, it does 
not appreciably concentrate the small amount of 
solution to be dispensed, because the vapor phase is 
drawn from the entire solution instead of only the 
small amount in the calibrated tube. Since the aero- 
sol solution passes through a slightly enlarged por- 
tion in the vaive, the particle size of the aerosol 
formed by it is somewhat finer than that produced 
by some commercial aerosol bombs. Results show 
that this type of apparatus will give a more uniform 
kill than most aerosol bombs; hence the biological 
results can be duplicated more easily.—11-2]-45. 
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Rate of Penetration of Nicotine into 
the Cockroach from Solutions of 
Various Hydrogen Ion 
Concentration’ 


Crarues H. Ricwarpson, Iowa Agricultural 
Experiment Station, Ames 


Although it now seems clearly established that 
nicotine penetrates the external body surface of 
insects and other organisms more rapidly as mole- 
cules than as ions, there are still questions concern- 
ing the toxic action of the absorbed nicotine that 
await solution. Most published information on this 
subject has been derived from studies in which mor- 
tality, or some physiological reaction, furnished the 
sole criterion of penetration. However, a direct rela- 
tionship cannot be assumed to exist between time 
of death, or of the appearance of a physiological re- 
sponse, and the concentration of absorbed nicotine 
in the body of the organism. In any consideration 
oi the relative resistance of insect species to nicotine, 
or to any other compound for that matter, informa- 
tion on the actual rate of penetration ray become 
highly important. 

In 1935, the late Dr. L. O. Ellisor and the writer 
undertook an investigation of the rate of entrance 
of nicotine into insects from solutions of several 
different pH values. It was intended to study a num- 
ber of species known to differ widely with respect 
to nicotine susceptibility. Work was started on the 
American cockroach, Periplaneta americana (L.), 


1 Journal paper No. J-1333 of the Entomology and Economic 
Section of the Iowa Agricultural Experiment Station, 
Ames, lowa. Project No. 137. 


Table 1.—Entrance of nicotine into cockroaches from solutions of various hydrogen ion concentra- 
tions. Time 16 minutes ; temperature 25°-26°C. 








PERCENTAGE 
DISSOCIATION 
or NICOTINE? 


Concn. OF 
Nicotine, M. 


pH or 
SOLUTIONS 


No. or 
INSECTS 


NICOTINE ABSORBED 
Me. Per Gram 
or Bopy WerIcuT 
EFFECT ON 
INSECTS 


Max. 





Min. Mean 





.05 

.05 5. 

.05 : 9.9+ 

.002 : : 
.002 ° ° 
.002 : 9+ 


15 0.37 0.45 0.55 
15 ll .28 .35 
15 .18 24 .30 
10 .02 03? .05 
10 01 -02 .02 
10 -O1 01 -02 


Nearly dead 
60% normal 
83% normal 
Normal 
Normal 
Normal 





1 Free base. 
2 From equation, log a/1—a =(pK,,—pK},) —pH for 25°C. 


2 The differences between the mean values of absorbed nicotine for the 0.05M solutions are statistically significant (5 per cent 
probability level); the differences for the 0.002M solutions are not significant. 
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but had to be discontinued after a small series of 
tests was completed. It has not been possible since 
to resume the investigation. The present note con- 
cerns the data obtained in 1935. 

Adult male and female cockroaches weighing 0.62 
to 1.60 grams (mean weight 1.08 grams) were used 
in the tests. The nicotine was a redistilled sample 
containing 99 per cent of the alkaloid. The solutions 
for the tests were adjusted to the desired pH values 
by means of C.P. sulfuric acid. The pH values were 
determined electrometrically with a glass electrode 
apparatus. 

A test was made by placing a cockroach in a small 
copper gauze cage into which the insect fitted snugly. 
The cage was then submerged in the nicotine solution 
until only the head and prothorax of the insect pro- 
jected above the surface, in this way preventing 
entrance of nicotine into the digestive tract by im- 
bibition. Time of submergence was fixed at 16 min- 
utes, and the temperature of the solutions was held 
at 25° to 26° C. during the period of exposure. After 
exposure, the cockroach was removed from the cage, 
and washed in tap water and in distilled water to 
remove the surface nicotine. The absorbed nicotine 
in the entire insect was then extracted and deter- 
mined quantitatively in the manner previously de- 
scribed )Glover & Richardson, 1936). The results of 
the tests are given in table 1. 

The cockroach seems to absorb nicotine more 
rapidly from the air than from aqueous solutions. 
Thus, with a vapor concentration in air no greater 
than 0.27 milligram nicotine per liter, the insect 
absorbed 0.2 milligram per gram of body weight in 
1 hour (Glover and Richardson, 1936), while from 
the 0.002M solutions (324 mgs. nicotine per liter), 
absorption was only about 0.03 milligram per gram 
in 16 minutes. The difference in time here is only 
t-fold against a 1200-fold difference in the concentra- 
tions to which the insects were exposed, in the 
course of the tests. 

The cockroach absorbs nicotine from aqueous 
solutions much more slowly than the goldfish, 
Carassius auratus (L). In 16 minutes the cockroach 
takes up from a 0.002M solution (pH 8.7), and is 
apparently unharmed by, a body concentration that 
kills the goldfish in less than 150 seconds (Ellisor & 
Richardson, 1938). “‘Innate resistance” may explain 
in part, the ability of the cockroach to withstand the 
larger dose of absorbed nicotine; but it appears 
likely that the much slower rate of absorption en- 
ables the cockroach to detoxify or otherwise to pro- 
tect itself against the poison. The marked suscepti- 
bility of goldfish to nicotine is suggestive of the 
susceptibility of aphids and some other insect species 
to this poison. Perhaps the degree of susceptibility 
of insects to nicotine is largely the result of differ- 
ences in rate of penetration of the nicotine into the 
body of the insect. At the present time, this appears 
to be an attractive hypothesis. 

The results of these experiments confirm the 
greater toxicity and greater speed of penetration of 
nicotine molecules than of ions in a large, resistant, 
terrestrial insect. They also demonstrate the en- 
trance of appreciable quantities of nicotine from 
solutions in which the alkaloid is almost completly 
ionized, and reveal a definite toxic effect of the ab- 
sorbed nicotine (Richardson & Shepard, 1930).— 

11-21-45. 
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Coincident Infestations of Aonidiella 
citrina and Coccus hesperidum, a 
Result of Ant Activity 


Stantey E. Fianpers, University of California 
Citrus Experiment Station, Riverside 


Observations on the occurrence of yellow scale, 
Aonidiella citrina, in California since the estab’ish- 
ment of its parasite, Comperiella bifasciata How., in 
1931 by the University of California show that the 
scale in residential districts has ceased to be a gener- 
ally distributed pest of English ivy and citrus 
(Smith 1941). 

Annual inspections since about 1939 of the orange 
trees growing along the street at 114 Terrace Avenue 
in Redlands, California, have shown certain of them 
to be chronically infested with yellow scale in spite 
of the presence of Comperiella. The chronic state 
of the yellow scale infestation, however, appeared 
to be correlated with the constant presence of the 
Argentine ant, the workers being engaged in col- 
lecting the honey dew excrement of the soft brown 
scale, Coccus hesperidum. 

The yellow scale was quite generally distributed 
over each tree. The soft scale, however, was very 
localized, occurring densely in patches over which 
ants were swarming. Significantly the density of 
the yellow scale was greatest in the vicinity of the 
patches of soft scale. 

All the parts of the tree infested with yellow scale 
appeared to be visited by one or more ants so fre- 
quently as largely to preclude oviposition by Com- 
periella, The Comperiella female requires consider- 
able time to determine the suitability of the scale for 
oviposition and to perform the act of oviposition. 
At temperatures of about 80° F. the maximum rate 
of oviposition is about 3 eggs per hour (Flanders 
1944). Comperiella is considerably smaller than the 
worker ant and is readily disturbed, if not destroyed, 
when the ant comes in contact with it during ovi- 
position. 

In order to show that the presence of ants on the 
orange trees is responsible for the infestation of 
yellow scale, an ant barrier in the summer of 1943 
was placed on one of two trees which were adjacent 
to each other and about equally infested with yel- 
low scale. The trunk of the tree, which was to be 
freed of ants, was coated with shellac and then 
banded with deadline. 

During 1944 and 1945 the tree above this barrier 
was free of ants. 

In the spring of 1945 an examination of 32 of the 
most heavily infested leaves from each tree showed 
that Comperiella was working much more effectively 
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on the banded tree than on the unbanded tree where 
the Argentine ant was attending the soft brown scale 
(Table 1). The soft brown scale on the banded tree 
had disappeared. This apparently was an effect of 


Table 1.—Parasitization by Comperiella bi- 
fasciata of mature yellow scale on 62 orange 
leaves from two street trees, one of which was 
free of ants for nearly two years. Material col- 
lected May 2, 1945. 





Tree Freep or Ants Tree Not Freep or Ants 


Number of scales Number of scales 
Not para 


Not para 
sitized 


sitized 
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alive 


Para- 
sitized 


Para 10°, + 
sitized alive Total Total 
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” 6 15 s 8 
25 35 10 11 

18 22 $6 8 s 
5 12 ‘ 
6 6 
14 iz 
23 
2 
8 
10 
l 
5 


25 


$2 


21 
wu 


« 
ee ececa~ 


4 
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‘ 
6 
s 
‘ 
l 
N 
2 
5 
‘ 
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the absence of ants which either enabled the para- 
site Metaphycus stanleyi Comp. to destroy the scale 
or permitted the scale to drown themselves in their 
own excrement (Flanders 1943). A high proportion 
of dead unparasitized yellow scale on the banded 
tree indicated that many scales were destroyed by 
Comperiella merely through mutilation of the scale 
viscera by means of the ovipositor. 

On October 29, 1945, examination of these two 
trees showed no live yellow scale on the banded tree 
while on the unbanded tree the infestation of yellow 
scale had increased considerably during the summer. 

There were a few specimens of the red scale 
Aonidiella aurantii on both trees. None of this scale 
was parasitized.— 11-13-45. 
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Hessian Fly Infestation in Tennessee 
and Kentucky 


L. B. Scorr and Jon Mitam, U.S.D.A., Agr. Res, 
Adm., Bureau of Entomology and Plant Quarantine 

About the middle of April 1945 farmers in the 
vicinity of Clarksville, Montgomery County, Tenn., 
noticed that the lower leaves of their wheat were 
turning yellow and that comparatively few heads 
had formed. The condition was somewhat more 
apparent in late-planted than in early wheat. Bar- 
ley also was affected, but the injury was less severe 
than in wheat. 

Observations in a wheatfield in which the symp- 
toms were very noticeable disclosed a severe infesta- 
tion of the hessian fly, Phytophaga destructor (Say). 
Every plant examined was infested, and it was not 
unusual to find 15 or more larvae and puparia at 
the base of a single stem. Approximately one plant in 
10 had produced a single weak tiller bearing little or 
no grain. This field was considered a total loss in so 
far as the production of grain was concerned, but 
the owner made use of it as pasture. Similar damage 
was observed in other fields constituting possibly 
5 per cent of the total acreage in Montgomery 
County. 

Infestation was found in every field in which 
observations were made, and it is believed that ap- 
preciable damage occurred in all wheatfields in the 
county. These limited observations did not provide 
sufficient information for a satisfactory estimate of 
the total loss in Montgomery County, but it is be- 
lieved that the agricultural agent's estimate of a 
33 per cent reduction in yield of grain is not exces- 
sive. On a total of approximately 10,000 acres, with 
an average yield of 20.5 bushels per acre, the esti- 
mated loss in Montgomery County amounted to 
about 68,000 bushels having a value of at least 
$102,000. Similar losses were observed or reported in 
Robertson County, Tenn., and in Christian, Logan, 
Todd, and Trigg Counties, Ky. 

The hessian fly is not considered a major pest of 
wheat in north-central Tennessee, and there is no 
authentic record of this insect having previously 
caused severe damage in Montgomery County, al- 
though there are reports of severe injury to wheat 
about 1910 by a “small white worm.”’ There is evi- 
dence that the worms in question were hessian fly 
larvae. 

The 1945 infestation was unusual in that severe 
damage was observed at least a month before the 
spring generation would have occurred normally 
This damage was caused by a spring brood of flies 
emerging near the middle of March, when weather 
conditions were favorable for adult migration and 
hatching of eggs. Continued emergence of the regu- 
lar brood of flies throughout April and the emergence 
of a supplementary brood in May greatly intensified 
the damage. 

January temperatures averaged slightly below 
normal, but the lowest recorded was only 10° F. 
Subnormal temperatures continued through the 
first week in February, but from that time until 
April 15 the weekly average temperatures were 
from 3° to 16° above normal. Weekly average tem- 
peratures at Nashville for the 9-week period ending 
April 15 (Table 1) ranged from 46.3° to 69.4°. Pupa- 
tion occurs at a mean temperature of 45° and above, 
and there was ample time before April 15 for an 
early spring brood to develop to the puparial stage. 
Hessian flies are most active and develop most 
successfully when the mean daily average tempera- 
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Table 1.—Weekly precipitation and temperatures, and deviations from normal, as recorded at 





Nashville, Tenn., February 11 to April 15, 1945. 








Week ENpDING Maximum Minimum 
a A 
February 18 77 
25 64 
March 4 77 
11 76 
18 83 
25 80 
April 1 82 
8 81 
15 84+ 


TEMPERATURE 





Average Daily 
Deviation 
from Normal 


Mean 
Daily 

Average PRECIPITATION 

F. *F. 

46.5 +4. 

47. +4. 

48. +4. 

49. +3. 

64. +16. 

58. +7. 

66. +13. 

56. +(.- 

69. +11. 





perature of the air is 55° to 65° and the humidity 
is high. These conditions prevailed after March 11 
for a relatively long period. Total precipitation in 
February, March, and April was 14.73 inches, ap- 
proximately 1.5 inches more than normal. A de- 
ficiency of 3.39 inches in March was more than over- 
come by excess rainfall in February and April. 
Examination of the March records, however, shows 
that rain fell on 16 days of the month, thus providing 
ample moisture for hessian fly development. 

In general, the infestation was confined to green, 
succulent tillers, which indicated that the wheat 
had only recently become infested. Had the damage 
been done by a late-fall brood, most of the infested 
stems would have been comparatively dry and 
brown. The fact that the infestation was confined 
largely to late-planted wheat also indicates that 
the damage was done by an early spring brood. 

Larvae of a second spring brood, which were 
moderately abundant the latter part of May, 
damaged small succulent tillers of late-planted 
wheat, but this damage was much less severe than 
that caused by the earlier brood.—10-3-45. 


Chinch Bug Dust Barrier: 
Preliminary Tests' 


R. R. Watton, Oklahoma Agricultural 
Experiment Station, Stillwater 


Due to the shortage of creosote in recent years 
large quantities of a dinitro® dust have been used in 
chinch bug control work. Decker (1943) showed 
various dinitro compounds to be toxic to chinch 
bugs and pointed out the advantages and disad- 
vantages of constructing and maintaining dust 
barriers. The following report is on work done to 
test chemical dust barriers under conditions exist- 
ing in Oklahoma. 

Tests were made in the field and under modified 
field conditions, comparing creosote, dinitro-ortho- 
cresol (DN), sabadilla and DDT as barrier materials, 
The creosote was a coal tar type used in the past by 
the Oklahoma Extension Division in control work. 
Chinch Bug Barrier Dust (DN dust), supplied by 
the U. S. Department of Agriculture, consisted of 


oO ¢ 


2 and 4 per cent concentrations of dinitro-O-cresol 


' Approved by the director of the Oklahoma Agricultural Ex- 
periment Station. 
? Dinitro-ortho-cresol 


in pyrophyllite. Sabadilla dusts contained a 1:1 
ratio of ground seed and lime mixed with various 
proportions of Pyrar ABB. The 5 per cent DDT dust 
was made by mixing equal parts of Gesarol A-10- 
dust and Pyrar ABB. 

In an attempt to obtain quantitative data on the 
effectiveness of barriers during a period of 1 to 4 
days after construction, a small scale modified field 
test method was employed. A ring barrier 24 inches 
in diameter was constructed on a 2-inch thickness 
of tamped soil resting on the top of a circular wooden 
platform having a diameter of 30 inches. The plat- 
form was encircled with a metal rim extending 4 
inch above the surface of the soil. The platform was 
supported, at a height of 30 inches from the ground, 
over the mouth of a galvanized metal funnel 40 
inches in diameter. The funnel was supported by a 
small framework in such a position so that its spout 
enclosed the stem of a growing sorghum plant. 
Cheesecloth was used as padding to make the open- 
ing around the plant stem bugtight. Several hundred 
chinch bugs, mainly in the nymphal stage, were 
collected from sorghum plants and placed on the 
soil in the center of the ring where they could at- 
tempt to cross the barrier. Those that crossed 
dropped from the platform into the funnel where 
they were shunted to the bottom near the stem of 
the food plant. A light line of creosote was applied 
around the top of the funnel to prevent escape of 
bugs that occasionally crawled up the funnel sides. 
At the end of the test period the plant was cut off 
immediately below the funnel and the bugs were 
dislodged from the funnel into a jar held below the 
sprout. The jar was taken to the laboratory, where 
counts were made to determine the percentage of 
mortality. The living bugs in the jar were placed 
in a cage containing food in the laboratory and kept 
for 6 days after they had crossed the barrier. At this 
time counts of dead and living bugs were again 
made. 

The results obtained by using the various dust 
barriers are given in table 1. With the exception of 
those placed in rings of 10 per cent sabadilla, the 
great majority of bugs crossed the barriers in 10 to 
20 minutes. Since only bugs that crossed barriers 
were included in the records, the percentage of mor- 
tality obtained for certain of the materials is lower 
than the actual kill that occurred. In the case of 10 
per cent sabadilla an estimated 15 to 25 per cent 
died without crossing the barrier. The same was 
true to a lesser degree in the cases of 5 per cent 
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Table 1.—Small scale chinch bug barrier tests, Stillwater, 1945. 








Mortatity, Per Cent 


ConpbITIONs 





Sabadilla ; 


Darts! 


of Test 
June 30 67.2 27.5 100.0 Period 
June 31 
July 2 2a 86.8 36.1 
duly 3 @b 57.8 22.8 
July 4 @ 56.1 40.0 
July 5 2d 31.7 30.2 
58.1 32.3 99.6 


99.0 
100.0 
100.0 

99.4 


Test Average 
July 6 
duly 7 Sa 98.6 88.8 100.0 59.9 


98.6 16.2 


DDT 5% 


Unfavorable 
Weather 
Conditions 


A 
Un- Test of 
treated Period Barrier 


Rod 





At end 


At end Hours 
of 
6 days 
Rain 


Heavy dew 
Heavy dew 
Heavy dew 





July 8 Sb 65.0 57.4 
Test Average 


81.3 73.1 


Aug. 27 fa 
Aug. 28 ‘4b 
Aug. 30 te 
Aug. 31 4d 


Test Average 


Sept. 1 5a 
dept. 3 5b 
Sept. 5 5e 


Test Average 


Gusty wind 
Gusty wind 





1 Tests made from June 30 to July 8 were on first generation nymphs while those conducted during August and September were on 


second generation nymphs. 


sabadilla and 4 per cent DN. The mortality rate of 
bugs placed on platforms having no barriers (un- 
treated checks) was low, nearly all reaching the food 
plant where they remained during the test period. 
The 10 per cent sabadilla was the most effective 
material tested, its effects being very rapid and se- 
vere. Under conditions of heavy dew and excessive 
soil moisture, the 10 and 5 per cent strengths of 
sabadilla were more effective than the DN dusts. 
Pronounced discoloration and caking of the latter 
materials occurred under these conditions. Brushing 
of the surfaces of barrier lines did not appear to 
neutralize the effects of moisture to any consider- 
able extent. In tests made under dry conditions, 
August 27 to September 5, DN 2 per cent dust was 
equally effective as 5 per cent sabadilla while 10 
per cent sabadilla appeared to be better than either 
of these dusts. In the few tests made, 2 per cent 
sabadilla and 5 per cent DIYT (on the basis of counts 
made at the end of 30- to 52-hour test periods) were 
distinctly less effective than the other dusts. How- 
ever, counts made 6 days after exposure to barriers 
indicated DDT continued to kill a considerable 
percentage of bugs after the regular test period 
while little additional kill was caused by the other 
materials. Because of this fact, data for the 6-day 
period counts are presented only for the DDT. Al- 
though the platforms were protected to some extent 
by being placed in the north margin of a sorghum 
field, gusty winds reduced the effectiveness of bar- 
riers by sweeping bugs over them and by eroding 
dust lines. Due to the deteriorating effect of weather 
factors there was a general decrease in effectiveness 
of barriers as their age increased. 

During the period June 19 to 29, 2 per cent and 
4 per cent concentrations of DN dust were com- 
pared with standard creosote barriers in field tests. 
Five 150-foot barrier sections, two of each dust 
concentration and one of creosote, were constructed 
between the margins of a wheat field and a corn 


field. Conditions were very unfavorable for the use 
of dusts as barriers. Total precipitation during the 
period was estimated to be about 4 inches, coming 
in three rains each of which completely destroyed all 
dust barriers. These barriers were constructed five 
times, using a total of approximately 1.8 pounds of 
dust per rod. Creosote was applied two times, using 
about one half gallon on the 150-foot section. Al- 
though the DN dust barriers killed large numbers 
of bugs during the short periods when they were 
dry, each time following their destruction by rain 
bugs invaded the corn, necessitating moving the 
barrier lines further into the corn field. By June 29, 
when a considerable portion of the bugs had reached 
the adult stage, the corn field was penetrated to the 
8th or 9th row beyond the original barrier lines. No 
appreciable numbers of bugs crossed the creosote 
barrier. 

In connection with the above field test some in- 
formation was obtained on the hazards of poisoning 
turkeys in the use of DN dust. No harmful effects 
were obsérved to occur to a large flock of young and 
mature turkeys that ranged over the field during 
the 10-day test period. To supplement this observa- 
tion, two 10-week-old poults were placed in a cage 
house similar to the one in which they were reared 
and supplied with regular feed and water. A band of 
2 per cent DN dust was applied at a rate of approxi- 
mately 1 pound per rod. During a period of three 
days the birds were observed several times to ap- 
proach the dust and peck at it in a casual manner. 
Feeding and drinking appeared to be normal during 
this period and apparently no injury was sustained 
—11-13-45. 
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N-Substituted p-Toluenesulfonamides 
to Control Codling Moth Larvae 


E. H. Suecuer and S. I. Gertrier, U.S.D.A., Agr 
Res. Adm., Bureau of Entomology and 
Plant Quarantine 


Toxicity tests against larvae of the codling moth, 
Carpocapsa pomonella (L.), on some aryl N-sub- 
stituted benzamides were reported by Siegler & 
Bowen (1942), on certain N-substituted p-bromo- 
benzenesulfonamides by Siegler and Gertler (1943), 
and on several N-substituted benzamides by Siegler 
and Gertler (1944). The present paper gives the re- 
sults obtained in a study of certain N-substituted 
p-toluenesulfonamides against the codling moth. 

\ll the compounds were prepared by allowing 
p-toluenesulfonyl chloride to react with various 
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Siegler, E. H., and S. I. Gertler. 1944. Toxicity 
tests of certain N-substituted benzamides 
against codling moth larvae. (Scientific 
Note.) Jour. Econ. Ent. 37(3): 445. 





Ethyl Formate and Isopropyl Formate 
as Fumigants for Packages of 
Dried Fruits 


Perez Stmmons and Cuarugs K. Fisner, U.S.D.A., 
Agr. Res. Adm., Bureau of Entomology 
and Plant Quarantine 


Ethyl formate has been successfully used for 
individual-package fumigation of dried fruits since 
1927. The process, which is in sequence with the 
other operations of the packing line, consists in 


Table 1.—Results of tests of certain N-substituted p-toluenesulfonamides against codling moth 


larvae. 
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PERCENTAGE OF 
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ForRMULA Wormy Stung 














E N-Propyl- toluenesulfonamide C;.H,(CH;)SO:NH(CH,)2CH; 86 3 

Il N- terns phe toluenesulfonamide C.H,(CH;)SO,.NHCH,CH(CH;): 99 0 
III N-sec-Butyl-p-toluenesulfonamide C.H,(CH;)SO.NHCH(C2H;)CH; 86 0 
IV N,N-Diethyl-p-toluenesulfonamide CsH,(CH;)SO.N(C2Hs)¢ 85 0 
V N,N-Diisobutyl-p-toluenesulfonamide CsH,(CH;)SO.N{(CH2CH(CHs)2], 95 0 
VI N-Benzyl-p-toluenesulfonamide CsH,(CH;)SO:.NHCH.C,H; 96 0 
VII p-Toluenesulfono-o-toluide C,.H,(CH;)SO,.NHC,H,CH; 96 0 
VIII ¢-Toluenesulfono-m-toluide C.H,(CH;)SO:.NHC,H,CH; 89 0 
IX p-Toluenesulfon-o-aniside C,.H,(CH;)SO,.NHC,H,(OCH;S) 93 6 
X p-Toluenesulfono-o-phenetide C.H,(CH;)SO.NHC,H,(OC2H;) 94 0 
XI N-Ethyl-p-toluenesulfonanilide C.H,(CH;)SO,N(C:H;)CeHs 93 1 
XII N-Cyclohexyl-p-toluenesulfonamide C.H «(CH3)SO:NHCH(CH:).CH: 94 0 








XIII 4-(p-Tolylsulfonyl) morpholine 
XIV _ 1-(p-Tolylsulfonyl) piperidine 






XV _ N,N’-Bis(p-tolylsulfonyl)ethylenediamine C.H,(¢ +H,)SO, NH(CH,);NHSO,CdH,CH, 8s 
96 


Check (untreated), average for 4 tests 








C.H(C H,)SO;N(¢ "H,),0CH.CH; 96 0 
C.HA(¢ "H,)SON(C 2H,)C H, 99 0 





~ 
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amines. These amines included primary and second- 
ary aliphatic amines, aryl and substituted aryl 
amines, carbocyclic and heterocyclic amines, a 
mixed aliphatic aromatic secondary amine, and an 
aliphatic diamine. 

The toxicological evaluations of the compounds 
were made by the apple-plug method. Approxi- 
mately 100 plugs, each infested with a ready-to- 
hatch codling moth egg, were used for each test ma- 
terial. The plugs were sprayed with each compound 
at the rate of 4 pounds to 100 gallons of ethanol (20 
per cent). 

The toxicological data for this study are given in 
table 1. The compounds were ineffective.—9-10-45. 
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pumping a small quantity of the fumigant into the 
package just before the dried fruit is put in. The 
package is sealed immediately thereafter, and the 
resulting exposure to the gas kills any insects or 
their eggs that may have escaped removal during 
cleaning and washing operations. 

The usual dosage of ethyl formate for a 25-pound 
box of raisins (0.41 cubic foot) ranges from about 4 
ml. in hot weather to 7 ml. in cold weather, and for 
the well-sealed wartime “arsenal” cases (0.52 cubic 
foot) it is 4.5 or 5 ml. The treatment is said to be 
more effective when used in solid fiberboard cases 
than in fluted ones and is not effective in wooden 
boxes unless they contain a paper-bag liner. The 
liner most commonly used is made of No. 21 plain 
kraft paper, although for some raisins oiled or wax- 
impregnated paper is used. The liners are opened and 
fitted into the case before the fruit is poured in, 
after which the top is folded down. Dosages for 
different kinds of packages should be determined by 
experimental exposures of insects sealed in with 
the contents. 

As ethyl formate is an organic solvent and removes 
protecting films from metal, iron and steel parts 
may become somewhat corroded where it is used. 
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Ethy! formate is a colorless liquid weighing about 
7.6 pounds per gallon at 68° F. Its boiling point is 
129.4° F., and it has an explosive range of from 
2.5 per cent (about 5 pounds per 1,000 cubic feet) 
to 14 per cent by volume. When breathed it is 
mildly anaesthetic and irritates the respiratory 
membranes. A pound contains about 500 ml. and 
costs approximately 24 cents (November 1945) 
when obtained in 400-pound returnable drums. 

A similar fumigant, isopropyl formate, is about 
as effective, volume for volume, as ethyl formate 
and its cost per pound is practically the same. It 
weighs about 7.3 pounds per gallon at 68° F., and 
there are approximately 520 ml. in a pound. The 
explosive range is given by the manufacturer as 2.4 
to 8.6 per cent by volume. Its boiling point is about 
160.4° F. 

Only ethyl and isopropyl formates of high purity 
should be used in the fumigation of dried fruits. 

Because, like all fumigants, ethyl formate and 
isopropyl formate are poisons, adequate means 
should be provided for carrying their fumes away 
from workers. Furthermore, since they present a 
fire hazard at certain concentrations, it is recom- 
mended that a ventilating hood be installed over the 
point where the liquid is released into the packages. 

Sources of these formates are as follows:! 

Ethyl formate: Braun-Knecht-Heimann Com- 
pany, 1400 16th St., San Francisco 19, Calif., and 
Commercial Solvents Corporation, Terre Haute, 
Ind. 

Isopropyl formate: Neil A. Maclean Company, 
470 Eighth St., San Francisco 3, Calif., and Dow 
Chemical Company, Midland, Mich. 

Applicators for these fumigants may be con- 
structed or purchased ready made. Formate applica- 
tors are made by L. A. Crow and Company, 1826 
Mono St., Fresno 1, Calif., and Fiese and Firsten- 
berger, East Kern and Angus Sts., Fresno 1, Calif. 
Isopropyl formate may be applied with applicators 
obtainable from Neil A. Maclean Company (address 
above), or with a dispenser known as the Fisher 
Volustat, which has a capacity up to 5 ml. and is 
sold by the Fisher Scientific Company, 711-723 
Forbes St., Pittsburgh 19, Pa.—11-13-45. 


! These sources of formates and applicators are given for the 
convenience of the public and the Department does not guaran- 
tee or endorse these firms or the reliability of their products. No 
claim is made that the list is complete, and no discrimination is 
intended against any manufacturer not included. 


Alpha-Trichloromethyl-Substituted 
Benzenes to Control Codling 
Moth Larvae 


E. H. Stecier and Eimer E. Furck, U.S.D.A., Agr. 
Res. Adm., Bureau of Entomology 
and Plant Quarantine 


Thecompound 1-trichloro-2,2-bis(p-chloropheny]) 
ethane, now usually referred to as DDT, has shown 
outstanding promise against larvae of the codling 
moth Carpocapsa pomonella (L.). The presence of an 
alpha-trichloromethyl group in DDT raises the 
question as to whether this group exerts a marked 
influence upon the toxicity of benzene derivatives 
containing such groups. To determine this point a 
number of simple benzene derivatives containing 
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alpha-trichloromethyl grovps have been prepared 
and tested against codling moth larvae. The struc- 
tural formulas of the compounds are given below: 


CCl; CCl; 


CCl;— CCl; 
\Y 


X 


The ortho, meta, and para monochloro deriva- 
tives and two dichloro derivatives of aipha-trichloro- 
toluene were prepared and tested. A second series 
consisted of two trichloromethyl groups arranged in 
the ortho, meta, and para positions to each other. 
Finally, mesitylene with three trichloromethyl 
groups attached on alternate carbon atoms of the 
benzene ring was made and tested. 

These compounds were prepared by the chlori- 
nation of the corresponding methylbenzenes (French 
Patent No. 798,727, May 25, 1936) at temperatures 
between 100° and 150°C. in the presence of ultra- 
violet light. 

The toxicological studies were made by the apple- 
plug method, in which approximately 100 plugs 
were used for each compound. A single ready-to- 
hatch codling moth egg was used to infest each 
plug. 

The compounds were prepared for spraying by 
first treating them with sufficient ethanol (95 per 
cent) to make the ultimate carrier 20 per cent 
ethanol by volume. In some cases solution was ob- 
tained with ethanol at room temperature, but in 
others heating was necessary. Water was then added 
to the solution to make the strength 4 pounds to 
100 gallons. 

As indicated by the data given in table 1, none 
of the compounds showed satisfactory effective- 
ness. Alpha, alpha’, alpha’’-nonachloromesitylene, 
with the highest number of chlorine atoms, was 
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Table 1.—Effectiveness of some alpha-trichloromethyl-substituted benzenes against codling moth 








APPLE 
PLuGs 
STUNG 


Per Cent 


APPLE 
PLuGs 
Wormy 
Per Cent 
C,;H;CCl; 92 
CIC,H,CCl; 83 
CIC.H,.CCl; 88 
CIC,.H,CCls; 90 
Cl.C.H;CCl; 93 
CLC,.H;CCl; 96 
CsH(CCIs)2 4 
C.H,(CCls)2 95 
C.H,(CCls)2 91 


ForRMULA 


NAME OF ComMPoUND 


I alpha-Trichlorotoluene 

I alpha, alpha, alpha, 2-Tetrachlorotoluene 
alpha, alpha, alpha, 3-Tetrachlorotoluene 

’ alpha, alpha, alpha, 4-Tetrachlorotoluene 

’ alpha, alpha, alpha, 2,4-Pentachlorotoluene 
alpha, alpha, alpha, 3,4-Pentachlorotoluene 
alpha, alpha’-Hexachloro-o-xylene 

VIII alpha, alpha’-Hexachloro-m-xylene 


IX alpha, alpha’-Hexachloro-p-xylene 
X alpha, alpha’, alpha’’-Nonachloromesitylene 
Check (no treatment)—average for 4 tests 


C.H,(CCls)5 79 


90 





somewhat more toxic than the other compounds. 
Differences in chemical constitution did not modify 
toxicity. 


Ethylene Dibromide as a Fumigant 
for the Japanese Beetle 


A. C. Mason and R. D. Cutsnoim,' U.S.D.A., Agr. 
Res. Adm., Bureau of Entomology and 
Plant Quarantine 


Preliminary investigations begun in the spring of 
1945 have indicated that ethylene dibromide is 
highly effective against all stages of the Japanese 
heetle, Popillia japonica Newm. These investigations 
involved the use of this compound as a fumigant 
for larvae, pupae, and eggs in soil and for adults 
under atmospheric conditions. The toxicity of 
ethylene dibromide to Japanese beetle larvae had 
been noted in 1930 by the late F. E. Baker.* 

At room temperature ethylene dibromide is a 
colorless liquid. It has a density of 2.1701 (25°, 4°C.), 
a boiling point of 131.6°C. (268.9°F.), and a melting 
point of 10.0°C. (50.0°F.). 

Since ethylene dibromide is a solid under some 
conditions of use, it was diluted with ethylene di- 
chloride (melting point —35.3° C. (—81.5° F.)) 
to form mixtures having suitable melting points. 
These mixtures plus a surface-active agent were used 
in tests with immature stages of the Japanese beetle 
according to the methods described by Mason et al. 
(1943). The earlier study established the fact that 
relatively large doses of ethylene dichloride are re- 
quired to kill all larvae: therefore, the low concen- 
trations of this compound used in the present tests 
had little toxicity. Two stock mixtures were used as 
follows (figures in per cent by weight): 


Formula 1 Formula 2 
16.0 62.0 
81.5 36.0 


Ethylene dibromide 

Ethylene dichloride 

Tween 20 (a polyoxyalky- 
lene derivative of sorbi- 
tan monolaurate) . 2.0 


1 The authors gratefully acknowledge the assistance of L. W. 
Coles throughout these investigations. 
? Unpublished data. 


The products, which contain slightly less than 10 
and 50 per cent of ethylene dibromide, respectively 
by volume, are prepared by mixing the several in- 
gredients uniformly, to form clear solutions. The 
solutions are diluted for use by vigorous shaking 
with 1 to 2 volumes of water to form a milky emul- 
sion. This emulsion is then diluted to the desired 
volume by adding water and stirring. In general, 
substantially clear solutions will result if the stock 
mixtures are used at rates of 10 ml. or less per 
gallon of water. At higher concentrations cloudy 
suspensions are formed which consist of part of the 
fumigant in solution and the remainder in an emulsi- 
fied form. The condition of the final mixture will de 
pend on the temperature. 

It was found that third-instar larvae in plant 
balls were killed by dipping the infested balls for 10 
seconds in solutions prepared from the 62 per cent 
mixture at concentrations as low as 0.63 ml. per 
gallon of water. The larvae remained in the treated 
balls for 24 hours following treatment at tempera- 
tures ranging from 40° to 70° F., and almost all of 
them died within 1 to 10 days after removal. Larvae 
in l-inch cubes of soil were killed following similar 
treatment with a solution prepared from the 16 per 
cent mixture at the rate of 2.5 ml. per gallon at tem- 
peratures from 50° to 70°. About the same length 
of time was required for mortal*ty to take place. 
Bare larvae were killed following immersion for 10 
seconds in anemulsion prepared from the 16 per cent 
mixture at the rate of 30 ml. per gallon, or from the 
62 per cent mixture at the rate of 20 ml. per gallon. 
Larvae in turf located in the upper 4 inches of a 
loam soil at temperatures from 60° to 80° were 
killed after a solution prepared from the 16 percent 
mixture at the rate of 10 ml, per gallon had been 
applied at the surface at the rate of 1 gallon per 
square yard. In nurseries a dosage of 20 ml. per 
gallon was required to kill larvae located as deep as 
10 inches in loam and clay soils at 50°. In all cases 
most of the larvae were dead when removed 7 days 
after treatment. A few survived for additional 
periods ranging up to 10 days. 

Pupae in plant balls were killed by immersing the 
balls at 70° F. for 10 seconds in a solution prepared 
from the 16 per cent mixture at the rate of 5 ml. per 
gallon. In square-yard plots of a sandy-loam soil at 
70°, 8 ml. of the 62 per cent mixture applied to the 
surface of the plot in 1 gallon of water was required 
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to kill all the pupae. A dosage of 20 ml. of the 16 per 
cent mixture in 1 gallon of water killed about 98 
per cent of the pupae under similar conditions. The 
mortality of all pupae was delayed, as was the case 
with the larvae. 

Eggs in soil masses at 70° F. were generally killed 
following immersion of the masses for 10 seconds in 
solutions containing 5 or 10 ml. of the 16 per cent 
mixture per gallon of water. In some of the lots none 
of the eggs hatched, but a few first-instar larvae were 
recovered from other lots. These tests indicate that 
ethylene dibromide is a highly effective ovicide. 

In the tests with adult beetles ethylene dibromide 
was heated to about 125° F. within a fumigation 
chamber. As the vapors were evolved, they were 
withdrawn from the heating unit, mixed with air, 
and dispersed throughout the chamber by means of 
a circulating fan. The beetles were killed byexposure 
for 2 hours to a dosage of 0.5 pound of ethylene 
dibromide per 1,000 cubic feet throughout the 
temperature range of 50° to 70°. 

Preliminary tests indicate that plants will tolerate 
only small doses of ethylene dibromide; however, 
several kinds of plants were not injured by the dos- 
ages found to be lethal to the immature stages of the 
Japanese beetle. The tolerance of specific varieties 
has not been established. Fumigation at the dosage 
and exposure period required to kill Japanese beetles 
did not injure several kinds of fruits and vegetables. 

These preliminary tests indicate that ethylene 
dibromide is a useful insecticide for the control of the 
Japanese beetle. At the dosages required it is rela- 
tively cheap and is easy to apply.—11-17-45. 


Lirerature CITED 


Mason, A. C., Chisholm, R. D., and Burgess, 
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734-7. 


Bacterial Infections of Potato Tuber 
Moth Larvae in an Insectary' 


Epwarp A. Stermnavus, Agricultural Experiment 
Station, University of California, Berkeley 


The larva of the potato tuber moth, Gnorimo- 
schema operculella (Zell.), is used as an insectary 
host for the mass production of the hymenopterous 
parasite Macrocentrus ascylivorus Roh., which is 
being distributed in California to aid in the control 
of the oriental fruit moth, Grapholitha molesta 
(Busk.). The method of rearing the parasite in the 
insectary concerned in this report is very similar to 
that described by Finney, et al. (1944). 

Ever since production of the parasite was initiated 
in 1943 a small number of tuber moth larvae have 
regularly been found dead in the rearing trays and 
on the sand-covered cocooning cards. Gross exami- 
nation of the dead and dying larvae showed them 
to have symptoms characteristic of bacterial dis- 
eases. Infected individuals would become sluggish in 


1 For most of this work the facilities of the Department of _ 
teriology, University of California, were used. Normal and 
eased specimens were furnished by Blair Bartlett, Charles 
Martin and Glenn Finney of the Division of Beneficial Insect 
Investigations. 
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movement, less sensitive to external stimuli, would 
refuse to eat and frequently were diarrheic. Upon 
death, the larvae were observed to be either dark 
brown to black in color or bright red, the latter turn- 
ing brown upon subsequent disintegration. The red 

coloration was of a considerably deeper shade and 
pene more uniformly throughout the insect than 
does the faint pink coloration seen in normal larvae 
of this species. Blackened larvae were seen approxi- 
mately three times as often as were red specimens. 
Occasionally the infected larvae were capable of 
going into the pupal stage, after which they would 
assume the black or red color of diseased individuals. 

Microscopic examinations of crushed specimens of 
these dead or dying larvae revealed extremely large 
numbers of small rod-shaped bacteria—a situation 
rarely seen in nermal, healthy larvae. Examinations 
for microsporidia and for polyhedra gave negative 
results. 

Representative specimens of the diseased larvae 
were cultured on nutrient agar, nutrient blood 
(sheep) agar, yeast extract agar, and occasionally 
on North’s gelatin-chocolate-blood agar. Abundant 
growth was usually obtained on all these media. 
Generally speaking, three bacterial species were re- 
peatedly but separately isolated, frequently in pure 
culture, from the diseased specimens. 

From the larvae which had turned deep red in 
color, a deep-red-colored strain of what proved to be 
Serratia marcescens Bizio was invariably isolated. 
From the larvae which had turned brown to black 
upon dying, two gram-negative, nonsporeforming, 
small rods were separately isolated. One of these rocs 
was repeatedly isolated from larvae dying between 
July 21 to 25; the other from larvae dying between 
July 26 to $1, 1945. The only difference in the pro- 
duction procedures between these two periods was 
in the use of a new lot of potatoes upon which the 
larvae were propagated. One of these bacteria ap- 
peared to be a strain of Aerobacter, probably Aero- 
bacter cloacae (Jordan). The other rod was not 
definitely identified, although it appeared to be a 
coliform of the slow lactose-fermenting group. Some 
of the strains of the latter organism were markedly 
hemolytic for sheep erythrocytes. 

In many of those instances in which Serratia 
marcescens was isolated, the bacterium grew out in 
pure culture. Of particular interest, from a bac- 
teriological viewpoint, is the fact that upon subse- 
quent transfer, none of the strains isolated showed 
the dissociation into the pink and white colonies 
usually seen with this species. After numerous 
transfers these strains still yielded a uniform growth 
of deep red colonies. Attention is called to the fact 
that Serratia marcescens has been known to cause 
disease and death in other species of insects (see 
Steinhaus, 1942). 

Further indication of the pathogenicity of the 
three strains isolated was obtained by a series of 
feeding and inoculation experiments. In general, the 
results showed the tuber moth larvae to be suscepti- 
ble to all three strains, both when the bacteria were 
inoculated into the body cavity and when they were 
fed to the larvae. As might be expected, the larvae 
were more susceptible to the bacteria when the latter 
were inoculated into the insects than when given to 
them orally. 

Cultures made of washings of the various equip- 
ment (e.g., puncturing board, operator's gloves, 
cocooning sand, and egg sheets) used in rearing the 
larvae, showed the species of bacteria concerned to 
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be uniformly present. It is very likely that the ulti- 
mate source of the bacteria were the potatoes used 
to rear the larvae. Not only is this indicated by, the 
fact that the natural habitat of all three species of 
bacteria includes the soil in which potatoes are 
raised, but also by the isolation of the bacteria 
directly from washings of the sacked potatoes prior 
to use.—11-10-45. 
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Toxicity of Benzene Hexachloride 
to Housefly Larvae 


E. R. McGovran and P. G. Piquert, U.S.D.A., 
Agr. Res. Adm., Bureau of Entomology and 
Plant Quarantine 


The toxicity of benzene hexachloride (1,2,3,4,5,6- 
hexachlorocyclohexane; called 666 in England) to 
insects and mites has been reported. Slade (1945, a 
and b) reported that the gamma isomer of benzene 
hexachloride and mixtures containing it had been 
found to be highly toxic to locusts, cockroaches, 
wireworms, caterpillars, lice, fleas, houseflies, blow- 
flies, mosquito larvae, various beetles and weevils, 
sheep scab, and poultry red mite. Gersdorff & 
McGovran (1945) found a sample of this material, 
which was received from England,' to be more toxic 
than DDT to houseflies, Musca domestica L., when 
applied as a contact kerosene-base spray. Taylor 
(1945) reported benzene hexachloride to be very 
effective when used as a 1 per cent solution in liquid 
paraffin for controlling the mite Notoédres muris 
(Megnin) on rats. 

In this investigation the comparative toxicity of 
benzene hexachloride, DDT, borax, and thiourea to 
housefly larvae was determined. 

A quantity of crushed oats was treated with an 
acetone solution of benzene hexachloride or DDT to 
give the desired concentration of toxicant. The ace- 
tone was then evaporated. Twenty-three grams of 
the treated oats was then placed in each of several 
pint glass jars with screen tops. Thirty milliliters of 
a mixture of yeast, syrup, and water was also added 
to each jar (McGovran & Piquett 1943). In tests 
with borax and thiourea the toxicant was dissolved 
in water and the desired concentration was obtained 
by substituting one of these aqueous solutions of 
toxicant for part of the 30 ml. of aqueous solution 
added to all the jars. Twenty-five third instars were 
added to each jar, and 4 days later 50 ml. of dry sand 
was placed on the surface of the media in the jars. 
The Jats were held at 75° F. and 75 per cent relative 
humidity until all the flies that survived had 
emerged, The recorded survival was based on the 
number of adult flies emerging in each jar. After 
several preliminary experiments had established the 


' Courtesy of A. King, of the British Commonwealth Scientific 
Office, Washington, D. C. 
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approximate level of toxicity for the 4 insecticides, 
each material was tested at 3 concentrations, and 
each test was run $ times in duplicate, making a total 
of 18 tests on each insecticide in the final series. 

The concentrations of toxicant, in parts per mil- 
lion, that allowed 50 per cent of the insects to emerge 
as adults were as follows: Benzene hexachloride 8, 
DDT 77, thiourea 81, and borax 924. These concen- 
trations are based on the total amount of media used 
in each test. The data show that under the conditions 
of these tests the gamma isomer of benzene hexa- 
chloride is the most toxie to housefly larvae of the 
insecticides tested, DDT and thiourea are approxi- 
mately equal in toxicity, and borax is the least 
toxic.—10-3-45. 
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Distribution of the Sorghum Midge 


Epwarp McC. Catan, Imperial College of Tropical 
Agriculture, Trinidad, B.W I. 


The sorghum midge, Contarinia sorghicola (Coq.), 
is the most important insect known to attack sor- 
ghum. It is a well known pest in the U.S.A., where 
it was first recorded some fifty years ago. In any 
new country into which it is introduced it is likely 
to become a serious pest, as has recently occurred 
in Australia. Resting larvae are able to survive for 
long periods in seed. The pest can thus be carried 
great distances and has almost certainly been intro- 
duced into new countries in this way. 

The bionomics and control of this pest are dealt 
with among others by Gable et al. (1941), Walter 
(1941), Atherton (1941) and Callan (1941). Walter 
(loc. cit.) states that, in addition to the U.S.A., the 
sorghum midge has been recorded from Mexico, 
South America, the Dutch Antilles, Italy, the Anglo- 
Egyptian Sudan, and also from southern Asia if the 
species described as Contarinia caudata Felt should 
prove to be the same as C. sorghicola. 

In this connection it is interesting to note that 
Contarinia caudata causes the same type of injury 
to sorghum as C. sorghicola, has a similar life-history 
and is attacked by the same parasites. No constant 
structural differences have been found between these 
species and, although no breeding experiments have 
been carried out, it is not unlikely that the two 
species will prove to be identical. In this case it 
would appear that the original home of the sorghum 
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midge was possibly southern Asia, whence it was 
probably introduced into the U.S.A. in some of the 
early importations of seeds. 

Callan (1941) gives additional records of the sor- 
ghum midge from Hawaii and from various West 
Indian islands, including the U. S. Virgin Islands, 
Curacao in the Dutch West Indies and St. Vincent 
and Trinidad in the British West Indies. It seems 
reasonable to suppose that this pest was introduced 
many years ago into both the Pacific and Caribbean 
areas in importations of seeds from the U.S.A. or 
southern Asia (?). 

In recent years the sorghum midge has greatly 
inereased its range. It is now recorded not only from 
the U.S.A., Mexico, the West Indies, South America, 
Hawaii, Italy and southern Asia(?), but also more 
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Distribution of the sorghum midge, 
Contarinia sorghicola (Coq.) 


Fig. 1. 


recently from Africa and Australia. The first records 
from these continents were from the Anglo-Egyptian 
Sudan in Africa by Cowland (1936) and from 
Queensland in Australia by Smith (1939). In both 
Africa and Australia injury attributed to the sor- 
ghum midge was observed several years earlier, so 
that the introduction of this pest must have occurred 
some years prior to these dates. In Australia infesta- 
tion by the sorghum midge has recently been un- 
usually severe, and has given cause for concern in 
those parts of Queensland where sorghum is exten- 
sively grown. 

In the Caribbean area this pest is now known from 
the U.S. Virgin Islands, Curacao in the Dutch West 
Indies and St. Vincent, Trinidad, Antigua, St. Kitts 
and Barbados in the British West Indies. The more 
recent records are from Trinidad in 1940, Antigua 
and St. Kitts in 1943 and Barbados in 1944. I am 
indebted for material to Mr. R. G. Fennah (Antigua 
and St. Kitts) and Mr. R. W. E. Tucker (Barbados). 

The distribution of the sorghum midge extends to 
all five continents and the Pacific Islands (Fig. 1), 
so that it has now attained the status of a worldwide 
pest. —11-27-45. 
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Sabadilla for the Control of 
the Green Stinkbug 


Norman W. Frazier, University of California, 
Berkeley 


Considerable damage to developing fruit was 
being sustained in a 5-acre Palora peach orchard as a 
result of an infestation of the green stinkbug, 
Acrosternum hilaris (Say). A test was made -of 
sabadilla as a possible means of control. The material 
used was a commercial dust preparation composed 
of 10 per cent of McConnon Sabadilla Concentrate 
No. 1, which contains 50 per cent of ground sabadilla 
seed treated with alkali, and 90 per cent of an inert 
carrier. The preparation contained 0.1 per cent 
sabadilla alkaloids. 

The dust was first applied to the lower branches of 
two trees by means of a rotary type hand duster on 
July 12, 1945. On this date the five nymphal stages 
were well represented but adults were very scarce, 
The reactions of a few individuals to the insecticide 
were observed, all having been well exposed to the 
dusting. The bugs showed immediate irritation, 
ceased feeding and began moving aimlessly around, 
stopping frequently to clean their antennae and 
rostrum. They progressively lost effective control 
of their legs, and exuded droplets of clear fluid from 
the rostrum. 

The first bugs fell onto a cloth spread beneath the 
trees within 10 minutes after the dusting and others 
continued to drop during the ensuing 52-hour period 
of observation. Within an hour after treatment, 29 
bugs had fallen; 7 more fell during the next 4 hours; 
5 others dropped during the succeeding 24 hours, 
and still another, an adult, fell 52 hours after the 
dusting. Since the dust was applied only to the lower 
portions of the trees, the bugs at successively higher 
elevations would have been exposed to decreasing 
amounts of dust and this fact may account for the 
extended period during which the insects dropped. 

The bugs that had fallen to the cloth were some- 
times able to move about feebly for a short while 
but sooner or later became moribund. Although they 
had lost their power of locomotion, many were able 
to move legs and antennae for a number of hours. 
Altogether, 42 bugs were collected from the cloths 
and placed in a shaded tree crotch for several days. 
None recovered. 

On July 14 the entire orchard was dusted with 
a power duster. Three acres were dusted at a rate of 
50 Ibs. per acre, while 2 acres received 75 lbs. per 
acre. The trees were 30 feet or more in height. 
Twenty-four hours later, on July 15, 19 bugs were 
counted on cloths placed, be fore treatment, under 
3 of the trees receiving 50 lbs. per acre. These trees 
were redusted thoroughly on July 16 with a hand 
duster. After 24 hours, not a single bug had fallen 
from any of the redusted trees, indicating that the 
orchard treatment had been effective. 

It appears from these results that sabadilla offers 
excellent promise of controlling the green stinkbug. 
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Artificial Shelters for Measuring 
Densities of Anopheles 
quadrimaculatus 


STaNLEY J. Carpenter,! Fourth Service Command 
Medical Laboratory, Fort McPherson, Georgia 


In order to obtain an index of mosquito abun- 
danee, on Army posts in the Fourth Service Com- 
mand, and to check on the effectiveness of malaria 
control work, both adult and larval collections are 
made. Adult collections are of three types: biting, 
light trap and resting station. 

It is often difficult to find satisfactory, well- 
located, natural resting stations, such as dwellings, 
stables, privies and culverts on an Army post. To 
meet the need for diurnal resting stations, where 
natural shelters are not available, a number of 
artificial types have been used. Smith (1942) of the 
Tennessee Valley Authority used nail kegs, and 
Goodwin (1942) used red boxes in South Georgia for 





Fic. 1.—Pyramidal shelter. 


this purpose. On most of our Army posts, where 
mosquito control work is being done, nail kegs and 
boxes do not shelter Anopheles quadrimaculatus in 
sufficient numbers to furnish reliable estimates of the 
adult population. 

Efforts have been made in several Army camps to 
develop a resting station of simple and cheap con- 
struction which would be as attractive to anophe- 
lines as natural resting shelters. Two types of arti- 
ficial shelters have been developed by the Army in 
the Fourth Service Command which compare 
favorably with natural shelters. 

PYRAMIDAL SHELTER: The pyramidal shelter (Fig. 
1) was used during 1948 by mosquito control workers 
at Myrtle Beach Army Air Field, South Carolina to 
replace red boxes which were previously used. This 
artificial shelter is approximately 6 feet high, 4 feet 
square at the base and 1 foot square at the top. In 


Major, Sanitary Corps, U. S. Army. 
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Fic. 2.—Privy-type shelter. 


densely shaded areas all four sides are open for a 
distance of approximately 30 inches above the 
ground. For shelters located in partially shaded 
areas three sides can be closed, leaving an opening 
on one side for the collector to enter. This shelter 
should only be used in areas where shade is available. 
The pyramidal shelter yielded much larger catches at 
Myrtle Beach Army Air Field during 1943 than red 
boxes and nail kegs located nearby. 

Privy-Tyre SHevter: During 1943 mosquito 
control workers at Fort Bragg, North Carolina and 
Fort Benning, Georgia used an artificial resting 
station in the form of a small house (Fig. 2) in areas 
where natural shelters were not available. This 
shelter has the external appearance of an out-door 
privy and is 4 feet square and 7 feet high. The front 
is open to a height of approximately 30 inches above 
the ground to provide an entrance for the collector. 
A curtain made of burlap or a comparable material 
should be hung over the opening so as to extend to 
within 6 or 8 inches of the ground. The curtain may 
not be necessary for houses located in wel!l-shaded 
places. Small houses of this type located at Fort 
Bragg and Fort Benning yielded much larger catches 
of anophelines than red boxes located in comparable 
areas. 

The author does not feel that the two types of 
artificial stations described above are superior to 
well selected natural shelters such as stables, privies 
and culverts if such are available, but collection 
records for 1943 have shown them to be far superior 
to nail kegs or red boxes. Natural shelters, where 
available, should most certainly be utilized for 
sampling the adult mosquito population. Small 
privy-type houses appear to be more satisfactory 
than pyramidal shelters for measuring densities of 
Anopheles quadrimaculatus.—9-25-45. 





722 


LITERATURE CITED 


Goodwin, Melvin H. 1942. Studies on Artificial 
Resting Places of A. quadrimaculatus. 
Jour. Natl. Malaria Soc. Vol. 1. 

Smith, Gordon E. 1942. The Keg Shelter as a 
Diurnal Resting Place of A. quadrimacu- 
latus. Amer. Jour. Trop. Med. May 22. 
No. 3, pp. 257-60. 


Phyllocoptes gracilis and the Dry 
Berry Disease of the Loganberry' 


E. P. Breakey,? Puyallup, Washington 


For the past several years, the growers of logan- 
berries in western Washington have complained of 
losses due to a disease which is known to them as the 
“dry berry” disease of the loganberry. Losses from 
this disease are so great that the situation has be- 
come alarming. In some plantings, these losses are 
estimated to be as much as 50 to 70 per cent of the 
crop. 

The disease affects the crop early in the season. 
The blossoms apparently open normally, but in- 
stead of the fruits developing in the usual manner, 
they turn reddish in color soon after the petals are 
dropped, and soon become brown and dry. As the 
season advances, some of the fruits escape injury and 
develop normally. In other words, the fruits from 
the earliest blossoms are the most severely injured. 

Various causes have been advanced for this condi- 
tion. Perhaps late frosts and infection by parasitic 
fungi have been most frequently thought of as the 
possible causes of the disease. However, a critical 
examination of the then known facts always failed 
to establish the cause. 

Early in June, 1945, the writer's attention was 
directed to the situation as it occurred on Harstine 
Island in Mason County, Washington. At this time, 
the loganberries were in full bloom and fully fifty 
per cent of the young fruits were obviously affected 
by the disease. An examination of these fruits dis- 
closed that they were heavily infested with an 
eriophyid mite. Specimens of these infested fruits 
were sent to Mr. H. H. Keifer, entomologist with the 
California Department of Agriculture, under date of 
June 15. Mr. Keifer identified the mites as belonging 
to the species Phyllocoptes gracilis (Nal.) 

This mite has also been identified as a pest of the 
red raspberry in the Puyallup Valley.’ Injury to the 
red raspberry became evident late in the season 
when affected fruits failed to ripen normally, be- 
coming hardened and somewhat deformed. These 
superficiaily resembled the fruits of the Evergreen 
Blackberry when they have been injured by the 
mite, Eriophyes essigi Hassan, the cause of the “red 
berry” disease. Apparently, however, Phyllocoptes 
gracilis (Nal.) is a more serious pest of the logan- 
berry than it is of the red raspberry. 

Perhaps the mere presence of the mite is not 
enough to prove that it is the cause of the “dry 
berry” disease. It can be stated, however, that all 
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known facts support this assumption. Mr. Keifer 
has apparently reached the same conclusion, for he 
states:* 

“The mites which’I observed in the loganberries 
you sent are active in the surface hairs of the green 
berries, and whenever the opportunity exists they 
drop down between the druplets causing browning 
and shriveling of the sides of the druplets. This is 
apparently the cause of the ‘dry berry’ disease.” 

He also states, “I had heard that this mite did a 
certain amount of damage to the leaves of certain 
species of Rubus, but this fruit damage is something 
with which I was unacquainted and which has, to the 
best of my knowledge, not been attributed to the 
mite.” 

It is hoped that this mite will yield to the same 
control measures as those which have been effective 
in controlling the blackberry mite. Studies on the 
seasonal history and control of this pest are being 
initiated. 


4 Keifer, H. H., In a letter addressed to the writer, dated June, 
5. 
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Occurrence of Pacific Coast Anopheles 
in Brackish Water 


W. W. Farrar,’ U. S. Public Health Service, 
Malaria Control in War Areas 


In June, 1944, Anopheles maculipennis freeborni 
Aitken and Anopheles pseudopunctipennis francis- 
canus McCracken, normally fresh water mosquitoes, 
were found breeding in brackish water at the lower 
end of Sorrento Valley, 15 miles north of San Diego, 
California, in a marsh known as Sorrento Wash. This 
marsh extends inland from the ocean and is heavily 
overgrown with Salicornia for a distance of 1.5 to 2 
miles inland. 

Analyses of water samples taken from the Wash 
were made by the U. S. Department of Agriculture 
Salinity Laboratory at Riverside and it was found 
that waters from which Anopheles p. franciscanus 
larvae were collected contained chlorides equivalent 
to 34 per cent sea water (181 milligram equivalents 
per liter), while those from points where A. m. free- 
borni larvae were collected contained chlorides 
equivalent to 15 per cent sea water (77.7 m.e./l.). 
In making these determinations the chloride content 
of normal sea water was considered to be 535 m.e./1. 
In these collections A. franciscanus larvae were more 
abundant than those of A. freeborni. Culex tarsalis 
was the only culicine mosquito found breeding in the 
area. 

The adaptibility of these anopheline mosquitoes to 
brackish water was first suspected in August, 19483, 
when larvae were collected from water reached by 
high tides along the beach at Santa Barbara by 
N. F. Hardman and A. F. Geib of the California 
State Board of Health. However, no water analyses 
were made at that time. Subsequent to the author's 
observations, Captain H. N. MacMillen, Post 
Sanitary Officer at Camp Callan, has found Anoph- 
eles freeborni and A. franciscanus larvae in saline 
concentrations equivalent to 16 and 32 per cent sea 
water, respectively, and Ensign W. W. Grafton, 
Entomologist at the San Diego Navy Hospital, has 
found A. franciscanus in saline concentrations 
equivalent to 60 per cent sea water.—12-18-45. 
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The Persistence of Toxicity to Codling 
Moth Larvae of 4,6-Dinitro-o-cresol 
Applied as a Tree-Trunk Spray 


F. W. Carson and M. A. Yoruers, U.S.D.A., 
Agr. Res. Adm., Bureau of Entomology 
and Plant Quarantine 


Heriot (1942) found that a 2 per cent solution of 
dinitro-o-cresol in a Diesel oil, sprayed on large 
apple-tree limbs in March, persisted to a consider- 
able extent and killed first-brood codling moth 
larvae placed on the limbs 100 days after the appli- 
cation and also killed larvae introduced into cor- 
rugated paper bands treated 210 days previously. 

On March 27, 1943, the writers sprayed blocks of 
large, rough-barked apple trees with the following 
formala, developed by Yothers e¢ al. (1942, 1943): 


4 pounds 
10 gallons 
4 pounds 


},6-dinitro-o-cresol 

Stove oil. ee ar 

Emulsifier: Sodium laury] sulfate. . 

Penetrant: Ethylene glycol mono- 
butyl ether .5 gallons 
and trichloroethylene.... 1.5 gallons 

Water to make.................... 100 gallons 


An average of 3 to 5 gallons of this emulsion was 
applied per tree by means of a power sprayer. On 
May 22, 1944, approximately 14 months after the 
spray was applied, the trees were examined. In ad- 
dition to some live larvae and a number of dried-up 
worms that might have died at any time since the 
spray was applied, there were considerable numbers 
of dead larvae that were still flaccid. These were 
evidently overwintering worms that had been killed 
within the preceding few weeks by material remain- 
ing on the trees from the application made in March 
1943. Owing to the continuing action of the spray, 
complicated by the entrance of transforming and 
overwintering larvae in 1943 and by the emergence 
of the spring brood of moths in 1943 and 1944, no 
percentage data could be obtained. 

Preliminary chemical analyses and the conspicu- 
ous yellowish deposits characteristic of the dinitro- 
o-cresol on the bark indicated that the compound 
was still present. The distribution, however, was 
more uneven than it had been immediately follow- 
ing the application. It was evident that rains and the 
8 or 10 sprays applied in the regular schedule had 
washed some of the material from the more exposed 
points into places where it was more readily re- 
tained. 

As Heriot (1942) pointed out, the dinitro com- 
pound may kill by contact and also by ingestion. 
It is possible for mature larvae to get a lethal dose 
at any time before they pupate—as they crawl over 
the bark searching for cocooning quarters, as they 
chew off particles of bark in preparing their co- 
coons, and, finally, as they chew their way out of 
their cocoons to prepare their exit tubes. 

Apparently the mortality record taken within 2 
or 3 weeks after these sprays are applied does not 
give a complete picture of their effectiveness. Evi- 
dently there is a continuing lethal action on the 
larvae entering the sprayed surfaces for many 
months after the sprays have been applied. 

No injury to the trees has been observed as a re- 
sult of this persistence of the toxicity in the dinitro 
compound, even in tree crotches or at the base of 
the trees in the soil, where the concentration is 
greatest. 
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Three Years of Orchard Tests of 4,6- 
Dinitro-o-cresol Against Overwintering 
Codling Moth Larvae 


M. A. Yoruers and F. W. Cartson, U.S.D.A. 
Agr. Res., Adm., Bureau of Entomology 
and Plant Quarantine 


Studies of scraping and banding apple trees as a 
supplementary control measure for the codling 
moth, conducted by the writers, in the irrigated 
orchards of the Pacific Northwest from 1935 to 
1942, showed that 95 to 100 per cent of the over- 
wintering larvae hibernate on the trees. It was also 
found that 95 to 98 per cent of these larvae were 
located on larger branches, scaffold limbs, and tree 
trunks, mostly above ground but to some extent be- 
low the ground level. The remaining 2 to 5 per cent 
were located on the smaller branches, and in the soil 
and trash but not against the trees. 

In experiments carried on from 1941 to 1944 with 
sprays to destroy the cocooned larvae (Yothers et al. 
1942, 1943) the following formula killed 84 to 99 
per cent on the sprayed portions of the trees in 
large and small scale orchard plots: 

(Quantities for 100 gallons of spray mixture) 

4 lbs. 
10 gal. 
4 |b. 

4 pt. 


4,6-Dinitro-o-cresol 
Stove oil ; ‘ , , 
Emulsifier: Sodium laury! sulfate 
or Tergitol7' ..... . 
Penetrant: Ethylene glycol monobutyl 
ether. 
and Trichloroethylene 


1.5 gal. 
1.5 gal. 


Table 1.—Results obtained with dinitro-o- 
cresol sprays against overwintering codling 
moth larvae on apple trees. Yakima, Wash., 
1941-44. 





Larae-ScaLe Orcnarp 
Tests 
(2 to 4 Acres) 
Mor- 
Number of tality, 


Larvae Per 


SMALL-ScALE ORCHARD 
Tests 


Mor- 
Number of tality, 
Larvae Per 
Examined Cent Plot Examined Cent 


1075 94 


Year Pilot 


(a) 456 
163 

(c) 101 
79 

58 


414 








724 


The sprays were applied in March. Two to three 
weeks later examinations were made of the sprayed 
larvae on 9 or 10 trees in each plot in the large-scale 
tests, and 3 to 5 trees in the small-scale tests. The 
results of these examinations are shown in table 1. 

These results indicate that this formula can be 
relied upon to give a very high percentage of kill 
of the overwintering codling moth larvae on all 
parts of the trees where it can be safely applied. 

Due to the unavailability of the penetrant ma- 
terials for the duration a modified formula, from 
which the penetrant was omitted, was tried in 
orchard tests in comparison with the foregoing 
formula. The formula gives a quick-breaking emul- 
sion and contains 3 pounds of DNOC instead of 4, 
and 15 gallons of oil instead of 10 per 100 gallons of 
spray. It has given only moderate kill of 56 to 88 
per cent. 

During 1944 several growers have used this modi- 
fied formula on several hundred acres of apple and 
pear trees in the Yakima, Wash., district with re- 
sults fairly comparable with those obtained in our 
experiments. Most growers obtained their material 
as a commercially prepared concentrate. 
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DDT Sprays and European Red Mite 


Populations in Eastern New York' 


R. W. Dean, Hudson Valley Fruit Investigations 
Laboratory, Poughkeepsie, N. Y. 


Numerous investigators have noted increases in 
European red mite infestations on apple trees 
sprayed with DDT. After two years’ use of DDT in 
field tests for codling moth and apple maggot control 
in eastern New York, involving as many as six 
cover sprays containing DDT, no instance of serious 
red mite infestation has been observed. Most of 
these tests were made on the varieties McIntosh and 
Cortland which, under our conditions, are not con- 
sidered especially susceptible to red mite attack and, 
in no case, were red mites numerous when the tests 
were begun. During the past summer, the effect of 
DDT sprays on an established red mite infestation 
has been studied. Six cover sprays containing DDT 
at the rate of 0.8 lb. of the actual material per 100 
gallons were applied to a block of Red Delicious 
apples in which European red mite were already 
established. These trees had not been sprayed since 
before bloom as the crop was frozen out in April, and 
no oil sprays had been used on them at the dormant 
or semi-dormant stages. DDT sprays were applied 
June 6, 18 and 28, July 9, August 7 and 16. Samples 
of twenty-five leaves from each of four trees were 
taken at 10-day to 14-day intervals between June 1 
and October 15. The mites were removed with a 
Henderson brusher and counted. The population 
curves in the DDT-sprayed plat and on unsprayed 
check trees are shown in figure 1. The populations 

1 Journal Paper No. 649, New York State eo Ex- 
periment Station, Geneva, N. Y., November 27, 
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are shown as percentages of the original populations 
on June 1, before treatment was started. At that 
time, there were an average of 32.78 mites per leaf 
on the sprayed plat and 28.43 mites per leaf on the 
check. 

The similarity of the curves is apparent. In both 
instances, the mite populations declined in the 
counts made June 14 but rose to peaks on June 2 
The increase was greater on the checks than in the 
spray plats, 210.19% as compared to 169.28%, but 
the recession from the peak was more rapid. Both 
populations reached low levels by August 1. In 
the checks, this low level was maintained through- 
out the period of observation but, in the DDT- 
sprayed plat, there was a later build-up, starting 
September 3 and culminating in a secondary peak 
on October 4. This cannot be considered an out- 
break since it reached a proportion of only 38.44% 
of the original population. The difference in num- 
bers of mites at this time is more likely an expres- 
sion of the relative condition of the foliage in the 
two plats. In the checks, due to scab infection and 
previous injury resulting from red mite feeding, the 
foliage was in much poorer condition than that in 
the sprayed plat. 

Records were made of all red mite predators found 
on the leaf samples. A total of two, both Seius mites, 
were found in the sprayed plat, and 36, which in- 
cluded thrips, Stethorus larvae and Seius, in the 
check. In neither case were they numerous until late 
in the season, at which time Seius became fairly 
common. It is evident that the decline in numbers of 
mites following the peak was not due to predaceous 
enemies or to any other controlling factor which was 
affected by DDT sprays. 

In September of this year, Dr. J. L. Brann Jr., 
of this laboratory, called the writer's attention to 
what was apparently a red mite outbreak which 
developed in an apple orchard being used for a 
large-scale test of DDT cover sprays. These trees 
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Fic. 1.—European red mite populations in an un- 

sprayed check plat (broken line) and a plat sprayed 

six times with DDT (solid line), from June 1 to 
October 15, 1945. 


had been examined by the writer on August 21 and 
found almost free of mites yet, by mid-September, 
the foliage was badly discolored and mites were 
present in large numbers. Closer examination re- 
vealed that the species involved was Tetranychus 
telarius Linn., the common red spider mite. Euro- 
pean red mites, while present, were still few in 
number. 

SummMary.—Two years’ use of DDT sprays in 
orchard tests on apples in eastern New York has not 
yet resulted in increased infestations of the European 
red mite. The application of six cover sprays con- 
taining DDT to a block of Red Delicious trees on 





December 1945 


which red mite had already become established did 
not encourage an undue increase in numbers. In the 
one instance in which a mite infestation has de- 
veloped ina DDT-sprayed orchard, the predominant 
species involved was the common red spider mite.— 
11-27-45. 


Factors Affecting the Larvicidal Action 
of DDT on Culex quinquefasciatus' 


H. S. Hurievt,? and Ricnarp M. Bonart,’ U. 8. 
Naval Medical Research Unit No. 2 


Reports of the use of DDT against the larvae of 
Culex quinquefasciatus in the Pacific Area indicate 
that larger amounts may be required for the control 
of this species when it is breeding in foul water than 
those necessary in other situations. It is well known 
that C. quinquefasciatus tends to show a preference 
for water with an abundance of decaying organic 
matter. The data and conclusions presented in this 
note are based on preliminary laboratory experi- 
ments with DDT-xylol-T7riton emulsion. 

The experiments tended to substantiate the ob- 
servations made in the field, but contrary to expecta- 
tion, an accelerated kill was observed under certain 


! The Bureau of Medicine and Surgery of the Navy does not 
necessarily endorse the views or opinions which are expressed in 
this paper. 

2 Lt. Comdr., H(S), U.S.N.R. 

3 Lieut., H(S) U.S.N.R. 
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conditions. Thus, both accelerative and inhibitive 
effects were demonstrated (Table 1). The accelera- 
tive effect is most evident when larvae reared in a 
medium poor in organic content are tested with 
DDT in the same medium. The inhibitive effect is 
seen most clearly when larvae which have been 
reared in a medium rich in decomposing organic 
matter are exposed to DDT in the rich medium. 
However, there is evidence to indicate that an 
accelerative element is present also in the rich 
medium since the accelerative effect is seen when a 
heavy dose (2.5 p.p.m.) of DDT is used in this 
medium but not when a similar concentration is 
tested in distilled water. A suggestion as to the 
nature of the accelerative element was obtained 
when it was found that certain amino acids gave 
the accelerative effect with DDT in distilled water. 
However, this effect was not observed when an 
amino acid was added to the rich medium with 
DDT. The accelerative effect was also demon- 
strated with larvae found in nature when they were 
tested with DDT in the water in which they were 
collected. No indication of the nature of the in- 
hibitive element was observed. Both accelerative 
and inhibitive effects were observed in media having 
approximately the same pH (8.39-8.70), indicating 
that pH is probably not a controlling factor. 

It is apparent that the amount of DDT required 
to kill larvae of Culex quinquefasciatus varies within 
rather wide limits according to the conditions under 
which it is used and this fact will have to be taken 
into account in practical control procedure.— 
10-9-45. 


Table 1.—Toxicity of emulsified DDT for early fourth instar larvae of Culex quinquefasciatus in 


various media. 








REARING 
MeEpDIUM 


No! 





poor medium?’ 
poor medium 

rich medium‘ 

rich medium 

rich medium 

rich medium 
collected in nature 

in clear water 

rich medium 


i 


~ 


0.5 p.p.m. DDT 


Test Mepivum? 


distilled water; 0.5 p.p.m. DDT 1 
poor medium; 0.5 p.p.m. DDT 97 
distilled water; 0.5 p.p.m. DDT 4 
rich medium; 0.5 p.p.m. DDT 8 
distilled water; 2.5 p.p.m. DDT 0 
rich medium; 2.5 p.p.m. DDT 

water in which collected; 





Per CENT 
ADULT 
EMERGENCE 


Per Cent Morta.ity 


24 hrs. 48 hrs. 


6 hrs. 


no record 


distilled water; 0.5 per cent dl 


threonine; 0.5 p.p.m. DDT 9% 95 95 


rich medium 


rich medium; 0.5 per cent dl 


threonine; 0.5 p.p.m. DDT 35 





‘ Numbers 1 to 4 are averages of 4 tests of 20 larvae each; numbers 5 to 9 are from single tests of 20 larva: ach. 


* Depth 4 cm.; volume 300 cc.; temperature 80°-90° F. 


? 0.5 gram Purina Laboratory Chow per liter, after 4 days in rearing pan at 80°-90° F. 
‘2.5 grams Purina Laboratory Chow per liter, after 4 days in rearing pan at 80°-90° F. 


30 per cent mortality in 12 hours. 


Dr. Donavp L. CoLuins 


We have not previously noted that Dr. D. L. 
Collins has accepted a position in the newly consti- 
tuted New York State Science Service and is now 
associated with the State Entomologist, Dr. R. D. 
Glasgow, in the experimental program in entomol- 
ogy in progress at the New York State Museum. Dr. 
Collins may be addressed in care of the New York 
State Museum, State Education Building, Albany 1, 
New York. 
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The Future of Research 


Public attention has been focussed upon 
the problem of a research program for the 
nation during recent months to a greater 
extent, probably, than ever before. The 
publicity has been largely directed toward 
the support of a plan, or several plans, for 
the nationalization of research in order to 
secure greater support, greater coordina- 
tion and through these, more prompt re- 
sults. 

Entomologists may not be so much in- 
terested as some other groups in this plan 
but they must not form an impression 
that their activities will not be included 
in any overall plan for national coordina- 
tion and support of research. But, while 
they are interested in this prospective 
change in their status, slow as it may be 
in coming and intangible, often, in the ef- 
fect which it exerts on the individual, they 
are concerned also with another develop- 
ment which has been accelerated during 
recent years, that of commercial support 
of research programs. 

Two courses are open to any interested 
group, including entomologists. One is to 
stand by and watch events, acquiescing in 
the decisions of others, or protesting when 
it is too late. The other is to keep informed 
on progress and on plans for progress even 
before they have matured and been put 
into execution, and, by individual action 
and group action, seek to guide progress, 
not to hinder it, in order that such prog- 
ress may be, so far as it affects entomology 
adapted to the needs of entomology. And 
by the needs of entomology we mean the 
needs of the people who benefit by the re- 
sults of entomological research and who, 
in the long run, must be expected to sup- 
port such research. 

If plans are perfected and put into ef- 
fect without our knowledge it means that 
we are asleep or indifferent; if with our 
knowledge but without any attempt on 
our part to direct them and cooperate in 
their development it means that we are 
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neglecting an opportunity and a duty to 
our profession and our public. If we favor 
nationalized research we should help pro- 
mote it and make sure that, so far as it af- 
fects entomology, it is wisely conceived 
and organized; that it has the benefit of 
the cumulative experience of entomolo- 
gists working on entomological problems 
and is not an idealized plan developed by 
those who have not encountered the dif- 
ficulties which an entomologist has 
learned to take for granted. 

If entomologists generally feel that re- 
search controlled by commercial organiza- 
tions is unwise, that the results are likely 
to be unreliable or biased by the desires 
of those who give their immediate sup- 
port to the projects, they should make 
their stand, and their reasons for it, known 
to all concerned. If the system is unwise it 
cannot be to the permanent advantage of 
the interests which support it and they 
‘an, by presentation of convincing argu- 
ments, be influenced to abandon the sys- 
tem. If it is inherently sound but not 
properly organized or administered, the 
same interests can be induced to modify it 
by the same sort of reasons. Entomolo- 
gists know that commercial concerns have 
learned that the only policy which will 
guarantee long-time prosperity for them 
is one which seeks to serve the best inter- 
ests of their customers. 

Entomology in industry has been op- 
posed by some because it tends to disperse 
the research, to create a multiplicity of 
laboratories and to result in duplication of 
effort and consequent lack of overall ef- 
ficiency in the research. But very often the 
same persons who object to commercial 
entomology on the grounds stated object 
just as strenuously to all proposals for the 
nationalization of research on _ dia- 
metrically opposite grounds. Nothing 
will reduce our influence as a guiding fac- 
tor in progress more quickly than such in- 
consistency. Our position must be con- 
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sistently conservative or consistently 
liberal if it is to be extreme. 

But it is not inconsistent to favor, with 
limitations, both trends. The American is 
an individualist. He objects to undue con- 
centration of power and authority be- 
cause of the threat that opposes to inde- 
pendent individual action. But, within 
limits, he favors voluntary cooperation 
which will tend to promote efficiency. He 
believes, in other words, in big business. 
He believes, just as firmly in the right of 
the individual to conduct a small business 
enterprise without being smothered by the 
competition of big business. 

We believe that the two types of enter- 
prise can exist in America because both 
are needed. And that they will continue to 
exist. And that what is true of business 
must be true of research which is, after 
all, the business of manufacturing facts 
out of a wide variety of raw materials. We 
believe that a degree of control from some 
centralized agency may well be needed for 
efficient attack on many fundamental 


problems; for effective study of some in- 
sect control probiems of national scope. 
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We believe that there will still always be 
need for the pioneering research of the in- 
dividual; for the informal cooperative re- 
search of small groups; for the research of 
the commercial laboratory, even though 
that is definitely pointed toward some spe- 
cific objective. We believe that there is 
need for all of these provided that their ob- 
jective is never permitted to swerve from 
the one fundamental of research which is 
to learn and to teach the truth. The fact 
that the truth may serve no immediate 
practical interest does not matter; the fact 
that it happens to have a definite com- 
mercial value does not make it less the 
truth. 

The reason for all this discussion is 
merely to emphasize the fact that ento- 
mologists must keep interested and in- 
formed. That they must take an active 
part in guiding progress or consent to be 
guided by it. That their role must be ac- 
tive or passive and that, if their role is 
passive, they will have no standing in the 
court of public opinion if the course of 
events does not take the direction they 
wish. 


OBITUARIES 
Wictor Irving Safro, 1888-1944 


Victor Irving Safro was born in New York City on 
August 26, 1888. He died, a Major in the United 
States Army Air Force, on May 24, 1944, at Mitchel 
Field, Long Island, New York as a result of a series 
of operations. Major Safro was educated in the Pub- 
lic Schools of New York City and attended the New 
York State College of Agriculture at Cornell Univer- 
sity where he was graduated in 1909 with the degree 
of Bachelor of Science in Agriculture. Just how he 
came to specialize in entomology, especially since he 
was city born and bred, I am not quite certain. I be- 
lieve, however, that his keen mind sensed the possi- 
bilities resulting from the study of insects under the 
stimulus of that great teacher, John Henry Com- 
stock, with whom he naturally had some of his early 
classes. 

Following his graduation he spent a year as Agent 
and Expert for the United States Bureau of Ento- 
mology and was then Assistant Entomologist, 1910- 
1914, and Assistant Professor of Entomology, 1911- 
1914, at the Oregon Agricultural College. This in- 
cluded also a period in 1914 as Entomolog’st of the 
Hood River Experiment Station of the Oregon State 
College of Agriculture. He became interested in in- 
secticides and, in the course of this work, published 
“An investigation of lime-sulfur injury; its causes 
and prevention.” This was an early and important 
contribution to a more thorough knowledge of this 
standard insecticide. 

In 1914 he joined the forerunner of the present 
Tobacco By-Products & Chemical Corporation of 


Louisville, Kentucky, as Entomologist, to under- 
take the development of nicotine insecticides. His 
work in this connection was for a long time held up 
as a pattern to be followed for the development of in- 
secticide uses and had much to do with the later 
wide acceptance of nicotine as an insecticide. He held 
this position until 1922, including a feave of absence 
for military service during World War I. 

Victor Safro was undoubtedly one of the first full- 
time “commercial entomologists” and he quickly be- 
came liked and respected by “official entomolo- 
gists” throughout the United States at a time when 
it was considered almost a loss of professional pres- 
tige for a graduate entomologist to be connected 
with other than a Federal or State agency or a pri- 
vately endowed University. Few but the older en- 
tomologists can realize to-day the feeling which pre- 
vailed in this matter 25 or 30 years ago. Victor Safro, 
by his sound training, honesty, practical viewpoint 
and friendly personality, did much to make possible 
the later acceptance of entomologists employed by 
manufacturing concerns as respected members of 
their own profession and of the business world as 
well. 

In 1922, following a desire to have an interest ina 
business of his own, he became Vice-President and 
Entomologist of the Nicotine Production Corpora- 
tion of Clarksville, Tennessee, an established but 
small producer of nicotine insecticides. He then 
spent 1924 and 1925 as Entomologist for the Ameri- 
can Cyanamid Company of New York City, in 
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charge of the development of cyanide for the control 
of insects and rodents. This led to his accepting the 
position of Chief Entomologist of the California 
Cyanide Company of Los Angeles. Although the 
work on the West Coast was enjoyable and profita- 
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what wider personal contacts afforded by the busi- 
ness world, he left the New Jersey Department of 
Agriculture, after having thoroughly organized the 
Japanese Beetle Suppression project, to accept an 
offer in 1929 to develop uses for promising insecti- 


Victor Irvine Sarro, 1888-1944 


ble to him his residence in the general New York 
City area became necessary and this was made pos- 
sible by his being appointed in 1927 to the newly 
created position of Director of Japanese Beetle Con- 
trol for the Department of Agriculture of New Jer- 
sey with headquarters at the Japanese Beetle Labo- 
ratory of the United States Bureau of Entomology 
at Moorestown, N. J. 

Always keenly interested in the development of 
uses and sales of insecticides and enjoying the some- 


cide activators and spreaders then being manufac- 
tured by the Kay-Fries Laboratories of New York 
City. In 1982 he joined the Michigan Alkali Com- 
pany of New York City to conduct, at first, fumiga- 
tion research, and remained with this firm, occupy- 
ing positions of rapidly increasing executive respon- 
sibility, until he decided to retire from active busi- 
ness in the fall of 1941. 

Following his retirement Victor Safro and his wife 
made a leisurely trip by automobile to Los Angeles, 
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intending possibly to locate in that section, of which 
they were both fond, or maybe later in Florida. He 
was on the West Coast when word came of the attack 
on Pearl Harbor and that night he wired the War 
Department offering his services, since he was a 
First Lieutenant in the Air Services Reserves from 
World War I. The Safros immediateiy started to 
head East and word of his appointment came later 
on while they were at a large family ranch in Central 
Oregon. He was commissioned a Captain and as- 
signed to the Army Air Force, the effective date of 
duty being May 24, 1942. Following a period of in- 
tensive phy sical and mental training C aptain Safro 
was assigned to the Middletown Air Service Com- 
mand at Olmstead Field, Middletown, Pa. Here his 
unusual administrative abilities soon won the ad- 
miration of his Commanding General and earned for 
him his Majority on August 24, 1943. Major Safro’s 
service record in World War I is as follows: First 
Sergeant Infantry; Second Lieutenant Air Service; 
First Lieutenant Air Service Reserves; and First 
Lieutenant Air Service, Tennessee National Guard. 

Major Safro was for many years probably one of 
the most widely-known entomologists in the United 
States through his frequent personal contacts with 
workers in almost every state. His intimate, first- 
hand and up-to-date knowledge of insect conditions 
and research activities throughout the country made 
him a welcome visitor to all, but expecially to those 
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who were more restricted in their movements than 
he. He took great interest in attempting to increase 
the value and importance of entomology and ento- 
mologists in the public economy as well as in the esti- 
mation of entomologists themselves. As an aid in 
bringing this latter about he was responsible for the 
establishment, in 1937, of the annual Award of 
Merit of the Eastern Branch of the Association. 
This has become a coveted honor and has undoubt- 
edly tended definitely to raise the excellence of re- 
search and of the presentation of its results. 

Safro joined the American Association of Eco- 
nomic Entomologists in 1912 and was active in the 
Eastern Branch of the Association, being its Chair- 
man in 1938. He was also a member of the Entomo- 
logical Society of America and, in more recent years, 
a regular attendant at the meetings of the New York 
Entomological Society of which he was a member. 

The professional or business accomplishments of a 
man, no matter how outstanding, are not always 
those for which his life has counted most. Successful 
and imaginative entomologist and business execu- 
tive as he surely was, it was for his genial personality 
his sincerity and his personal helpfulness to so many 
that Vic Safro was loved and respected and will be 
remembered by all of us who had the privilege of 
having him for a friend. 

Mortimer D. Leonarp 


Theodore Henrp Frison, 1895-1945 


Dr. Theodore Henry Frisen, nationally prominent 
entomologist, naturalist, wildlife enthusiast and con- 
servation administrator, and for the past 15 years, 
Chief of the Illinois Natural History Survey, died at 
Urbana, Illinois December 9 at the age of fifty years 
after a year-long illness. He was born in Champaign, 
Illinois, January 17, 1895. He was buried in Rose 
Lawn Cemetery, Champaign, a short distance south- 
west of the Natural Resources Building which he 
ae to plan and where he had maintained his 
headquarters since the summer of 1940. 

While attending Champaign High School, Theo- 
dore Frison began the study of Entomology under 
J. W. Folsom, Professor of Entomology at the Uni- 
versity of Illinois and a neighbor of the Frisons. 
Leaving the University of Illinois near the end of his 
senior year, in April 1918, Frison entered the Army, 
was commissioned a second lieutenant of infantry in 
\ugust, and resigned in December of the same year, 
following the armistice of World War I, to resume 
his study of entomology at the University of Dlinois. 
There he received his Master’s Degree in 1920 and 
his Doctor of Philosophy Degree in 1923. He was a 
member of Alpha Sigma Phi social fraternity, Sigma 
Xi, and the Adelphic Literary Society. He was active 
in campus orchestras in which he played the violin. 

In 1920, after receiving his Master's Degree, he 
was appointed Assistant State Entomologist of Wis- 
consin. In 1921-22 he was a member of the staff of 
the U. S. Bureau of Entomology and Plant Quaran- 
tine and was stationed at Moorestown, New Jersey. 
He was an assistant in the Department of Entomol- 
ogy at the University of Illinois in 1922-23, 

Upon receiving his doctorate in 1923 he joined the 
staff of the Illinois Natural History Survey as Sys- 
tematic Entomologist. In 1917 the State Laboratory 
of Natural History and the Office of State Entomolo- 
gist were merged to form the Illinois Natural His- 
tory Survey with S. A. Forbes as Chief. Upon 
Forbes’ death in 1930, Frison became acting head of 


the Survey, and on July 1, 1931, he was named 
oe a position which he held at the time of his 
death. 

By the time Doctor Frison had become Chief of 
the Natural History Survey he was internationally 
known for his studies of bumblebees, aphids, and 
stoneflies, and his correspondents included promi- 
nent entomologists throughout the world. Among 
the more recent publications that helped to place 
Doctor Frison on the list of internationally known 
entomologists are: ““The Plant Lice, or Aphididae, of 
Illinois” (with F. C. Holles), 1931, “The Stoneflies, 
or Plecoptera, of Illinois” published in 1935, and 
“Studies of North American Plecoptera” published 
in 1942. Doctor Frison was the author of approxi- 
mately 100 other scientific and general articles. 

Frison was an indefatigable worker with a broad 
knowledge and appreciation of nature, and a wide- 
awake and generous administrator. Because of these 
characteristics and vision, he built up the [llinois 
Natural History Survey to one of the outstanding 
biological research organizations in the country. 
Under his administration, the survey scientific staff 
was increased from 16 in 1930 to 38 at the time the 
United States entered World War II. Under his di- 
rection the modern laboratories and offices of the 
Survey in the Natural Resources Building were 
planned and completed. 

Previous to 1934 little research on the once 
abundant wildlife of Illinois had been done, and 
many of the so-called conservation measures 
adopted had failed through inadequate knowledge 
about birds, mammals, and fishes of the State. Ap- 
plying scientific research methods to the study of 
wildlife, Doctor Frison began in 1934 the assembly 
of a staff of young wildlife technicians that had 
made significant contributions before it was seri- 
ously depleted through calls to the armed forces. 

The first meeting of the Midwest Wildlife Confer- 
ence, held at Urbana in 1935, was largely the result 
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of Frison’s insistence on more and better wildlife 
research. Field laboratories constructed at Havana 
and Charleston, Illinois were part of an integrated 
program of wildlife research he conceived and set in 
motion. Although highly trained as an insect taxono- 
mist, he inherited from Professors Forbes and Folsom 
a broad understanding of the entire biological world 
that gave him perspective in more than one field of 
science and conservation. 

No truer statement could be made than that by 
Dr. Carl G. Hartman, Head of the Department of 
Zoology and Physiology of the University of Illinois, 
as follows: “Doctor Frison was a combination of 
trained scientist, capable administrator and charm- 
ing personality. He had the social outlook, and the 
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was First Vice-President of the American Associa- 
tion of Economic Entomologists for the year 1945. 
At various times he served on numerous committees 
of state and national scientific and conservation or- 
ganizations. 

Doctor Frison was a fellow of the American Asso- 
ciation for the Advancement of Science and of the 
Ecological Society of America, its Vice-President in 
1936. Among the organizations of which he was a 
member are the American Association of Economic 
Evtomologists, the Ecological Society of America, 
the Illinois Audubon Society, the Society of Wildlife 
Specialists, the Limnological Society of America, the 
American Wildlife Institute, the American Society of 
Naturalists, the Wilderness Society, the Illinois State 
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Turopore Henry Frison, 1895-1945 


interests of the State were his chief concern; yet, he 
insisted that scientific fact finding be the basis for 
instituting regulations for fish, game, and other wild- 
life management. In his personal dealings he was a 
‘square shooter.’ He will be missed for his personal 
charm and friendliness as well as his professional in- 
fluence.” 

Doctor Frison’s scientific honors and associations 
were many. He served as President of the Illinois 
State Academy of Science in 1941-42. In 1937 he was 
a representative of the Ecological Soviety of America 
on the National Research Council. He had been a 
Director of the Central States Forestry Congress 
since 1933 and of the Illinois Audubon Society since 
1942. He was Editor of the JournaL or Economic 
Entomo.ocy from 1936 through 1939, during which 
time the JouRNAL was modernized and standardized. 
He was a member of the editorial board of Ecology 
from 1938 through 1940. 

Frison had been on the Advisory Council of the 
Illinois State Archaeological Society since 1937 and 
on the Advisory Research Council of the Central 
States Forest Experimental Station since 1934. He 


Florists’ Association, the Conservation Council of 
Illinois, the Illinois Horticultural Society, the Illinois 
State Nurserymen’s Association (honorary), the Illi- 
nois State Academy of Science, the Izaak Walton 
League, the Illincis Federation of Sportsmen's 
Clubs, and the Chaos Club of Chicago. 

Doctor Frison’s interest in science did not prevent 
an appreciation of music and painting, American 
history and world affairs. The love of music was held 
over from the years in which he played the violin and 
perhaps was inherited from his father, well known to 
early Champaign music lovers as a musician and 
teacher. World affairs he considered from the view- 
point of the biologist. Regions famous in American 
history ranked with him in interest second only to 
the clear streams where stoneflies could be collected 
and studied. 

Ted, as he was affectionately known to his many 
friends, was married to Ruby Gertrude Dukes in 
1919. In addition to his wife, a son, Theodore Henry, 
Jr., who served with the 99th Infantry Division in 
Europe, and a daughter, Patricia Ann, survive. 


J. J. Davis 
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CoTTon STATES 


BRANCH, 


OF THE NINETEENTH ANNUAL MEETING 


AMERICAN ASSOCIATION OF ECONOMIC ENTOMOLOGISTS 
Roosevelt Hotel, New Orleans, Louisiana, 
January 24 and 25, 1945. 


The nineteenth annual meeting of The Cotton 
States Branch of The American Association of 
Economic Entomologists was held in New Orleans, 
Louisiana, on January 24 and 25, 1945. The meeting 
was scheduled as The Second Southern War Confer- 
ence on Entomology, and stress was placed upon 
Southern war time and post war entomological 
problems. Over one hundred persons attended the 
sessions which included representatives from all 
eleven cotton states. 

Chairman E. W. Laake presented an excellent 
overall discussion of Southern Entomological prob- 
lems in his address which was entitled, ““War prob- 
lems of Cotton States Entomologists in 1944 and 
1945.”” Dr. Laake based his discussions upon a care- 
ful survey of southern entomologists. 

President D. L. Van Dine of The American Asso- 
ciation of Economic Entomologists appeared for- 
mally before those in attendance. He gave a very 
stimulating talk on the subject, “Some Recollections 
of a Cotton States Entomologist.”” Doctor Van Dine 
also brought to the members of the Branch an over- 
all picture of the National Meeting which was held 
in New York City in December. 

The sessions included symposia on Cotton Insects, 
Dichloro-Diphenyl-Trichloroethane, post war plan- 
ning for Southern Entomolegy, Cooperation Be- 
tween Southern Entomologists and The Members 
of the Insecticides Industry, and technical papers. 


Business PROCEEDINGS 


The first business session was held at 5:30 p.., 
Wednesday, January 24th. Chairman E. W. Laake 
was presiding. The following were present: 


Adair, H. S. Dunnam, E. W. 
Alden, C. H. Dutsch, Thos. P. 
Anderson, W. E. Dye, H. W. 

Bailey, L. H. Eddy, C. O. 

Barber, Ernest English, L. L. 
Barber, T. C. Fenton, Fred A. 
Beck, Wm. D. Ferguson, F. F. 
Bissell, Theo. L. Ferrell, Ray E. 
Bond, G. L. Forbes, I. L. 
Bradley, G. H. Gaines, R. C. 
Brunton, Jack G. Galloway, A. L. 
Buchanan, William D. Garrett, J. B. 
Cartwright, O. L. Gillaspy, Lt. James E. 
Cason, J. A. Gohmert, W. H. 
Clapp, Alston Sr. Gowanloch, James Nel- 
Cole, Moses M. son 

Collins, R. C. Griggs, O. B. 
Colmer, R. P. Guice, O. T. Jr. 
Corey, Alvin A. Harden, Philip A. 
Criglar, J. L. Henderson, Chas. F. 
Creighton, J. T. Hibbs, E 

Cuff, Ray L. Hughes, John H. 
‘url, L. F. Ingram, J. W. 
Dobrovsky, T. M. Isley, Dwight 
Douglass, N. L. Johnson, Howara B. 
Dubuisson, E. B. Johnston, H. G. 
Dugas, A. L. Jones, B. B. 
Dunavan, David Kislanke, J. P. 


Laake, E. W. 

Lee, J. E. 

Lee, Horace W. 
Lett, E. R. 
Lincoln, Charles 
Lindsay, Dale R. 
Lipfert, Wm. S. 
Loftin, U. C. 

Lyle, Clay 
McLean, Daniel C. 
McNeel, T. E. 
Maughan, Douglas 
Mecom, W. H. 
Milton, Jack 
Morrow, J. E. 


Nelson, Franklin C. 


Nelson, R. H. 
O’Brien, C. P. 
O’Neille, Kellie 
Ogden, Louis J. 
Peets, N. D. 
Price, R. C. 
Prock, Glen 


rE ae D. 
Reed, V 

hy 7. H. 
Rohwer, G. G. 
Rosewall, O. W. 
Rowe, W. M. J. 
Ruffin, W. A. 
Slack, T. 

Smith, B. J. 

Smith, C. E. 
Smith, F. A. 
Snyder, Thomas EF. 
Stanley, W. W. 
Stolley, C. H. 
Strong, Rudolph G. 
Tarzwell, Clarence M. 
Tate, Homer 
Thompson, Friar M. Jr 
Tingle, Jay P. 

Van Dine, D. L. 
Van Horn, M. C. 
Voorhees, R. K. 
White, W. H. 


Chairman Laake called for a report of The Secre- 
tary-Treasurer. The report follows: 


REPORT OF THE SECRETARY-TREASURER. 


Funds Received 
Jan. 26, 1944 
Jan, 26, 1944 
of Fla 
May 3, 1944 


Amount on hand in savings $121.7 
Amount in checking account, Univ. 


Contributions from Industry to cover 
costs of Stenotypist at Southern War 


Conference on Entomology 

July 11, 1944 5 copies of proceedings 
Oct. 24,1944 Received from parent organization to 
eover costs of mimeographing pro- 
ceedings of Southern War Conference 
on Entomology 
Refund of expenses entailed in pre- 

ring for Conference 
1, 1945 Ent terest on deposit in savings depart- 
ment of First National Bank, At- 
lanta, Georgia from Jan. 1, 1944 to 
Jan. 1, 1945 
Dues and Registration Fees 
Active Membership 

1943 dues 2@1.00 

1944 dues 73@1. I 

1945 dues 9@1 
Registration fees, 1 -24@1.00 


Total Funds Received 


;. 24, 1944 


. 17, 1945 


Expenditures 
Miscellaneous items 


Balance on Hand $256. 66 


Jan. 25, 1945 
Joun T. CreigutTon 
Secretary-Treasurer 


APPOINTMENT OF COMMITTEES 


Chairman Laake appointed the following commit- 
tees: 
Nominations: F. A. Fenton, Chairman 
W. E. Anderson 
O. W. Rosewall 
Theo. L. Bissell, Chairmon 
David Dunavan 
W. H. Mecom 


Resolutions: 
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L. L. English, Chairman 
W. W. Stanley 
Charles Lincoln. 


Auditing: 


Fina Business SEssION 


Reports or CoMMITTEES 


The report of the Committee on Post-War Plan- 
ning for Southern Entomology. 


POST-WAR PLANNING COMMITTEE 


FOR 
SOUTHERN ENTOMOLOGY 


The main purpose of the officers of the Cotton 
States Branch in appointing this Committee may 
be stated as follows: That the consideration of sug- 
gestions and plans, developed in the attempt to 
look ahead to the peacetime years, should so stimu- 
late our thinking that we shall be in position to bet- 
ter serve the southern states and thereby contribute 
to the welfare of the nation as a whole. 

A report on post-war planning may be termed by 
some as theorizing about peace, and others may 
claim that such planning is out of order at the pres- 
ent time. But if we — to grasp the opportunities 
that will enable us to be of greater service in provid- 
ing protection against diseases and losses caused by 
insects, we must begin now to formulate our pro- 
grams with the following objectives in view: 

(1) For continuing in the future those entomologi- 
cal activities which have contributed so much to the 
war effort: (2) For support and expansion of other 
entomological activities to meet the extra require- 
ments demanded by a rapidly changing world, and, 
(3) For meeting new and altogether different prob- 
lems, some of which we can already recognize. 

Your Committee, like that of the .Post-War 
Planning Committee of the American Association, 
“has no authority and no responsibility to translate 
into action any program” which may be suggested 
or outlined at this time. 

By giving carefully considered thought to the 
needs of the present, the sub-committees have en- 
deavored to appraise the futur: possibilities from 
an entomological viewpoint with reference to the 
activities discussed in the following papers. 


REPORT OF SUBCOMMITTEE ON TEACH- 
ING, TAXONOMY, AND MUSEUM 


The First lectures in Entomology in the Southern 
States were given fifty-five years ago. During the 
elapsed fifty-five year period progress has been made 
in this educational field. Yet, today southern en- 
tomological instruction constitutes a rather pioneer 
field in the educational world. 

Today the educational field of entomology oc- 
cupies an unusual position. Under normal conditions 
the Southern teacher of entomology has such an 
extremely heavy clock hour and student hour load 
that he finds little time for research, or for a study 
of methods of instructional improvement. 

The present world conflict has curtailed instruc- 
tional activities in all fields and entomology has felt 
the impact. The reduced student enrollment offers 
a challenge to the teachers of entomology, as it has 
brought about the greatest lull that has occurred in 
the instructional branch of the science since its in- 
ception. 

This period should be used in an effort to improve 
and advance our departments of entomology; and 
thereby assure stronger instructional cntonnainy in 
the post-war period, 
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Inasmuch as possible teachers must discourage 
any diversionary efforts that would take them too 
far away from the principal objective of advancing 
entomological science along the educational front 
All Southern entomologists should aid in attaining 
the objective by free discussions of deficiencies, and 
by conscientious efforts to obtain improvements. 

Post-War Periop.—In the post-war period we 
will be concerned with three types of instruction; 
namely, the training of returning veterans, training 
on the undergraduate level, and training on the grad- 
uate level. 

TrarninG or Veterans.—During the remainder 
of the war and in the post-war period Southern 
educational institutions will have a gradual influx 
of student veterans, that will reach enrollment 
heights one to two years after cessation of war ac- 
tivities. 

Entomological Training.—Many of these returning 
veterans will desire special training in certain phases 
of entomology that will result in desirable employ- 
ment. This interest in entomology will be due in 
great part to the direct or indirect contacts that 
these young men are having with insects during the 
course of the world conflict. 

The teachers should plan now for the proper train- 
ing of all such individuals. Special curricula should 
be formulated that will give them a broad practical 
training and thereby qualify them for immediate 
employment following the completion of the cur- 
riculum. 

Training Standards.—The returning veterans will 
consist of two types; namely those who are con- 
scientiously seeking valuable training, and those 
merely attending school during an interim period at 
Government expense. Teachers must appreciate the 
effects that the severe impact of war has had upon 
these young men. They should be sympathetic and 
helpful wherever possible. However, they should be 
realistic enough to avoid rendering these young 
men a disservice by abolishing scholastic standards 
and permitting a flood of improperly trained indi- 
viduals to flow into the channels of entomology. 

The greatest service that can be rendered these 
young men is to encourage a realizations of the need 
for a practical approach to their future which de- 
mands thorough basic training. 

Unpercrapuate Tratninc.—An appraisal of 
educational methods and results on the undergradu- 
ate and graduate levels is justifiable. Changes and 
adjustments will likely occur. : 

In such an appraisal of undergraduate instruction 
consideration might be given the following.— 

General Entomology, Insect Morphology and Physi- 
ology, and Insect Ecology.—Courses in these subjects 
embrace some of the most essential material that is 
covered in undergraduate courses. These can be 
strengthened if more emphasis is placed upon the 
applied aspects of entomology. Teachers should en- 
deavor to use insect species of economic importance 
in presenting these subjects. Students would then 
have a greater appreciation of the importance of en- 
tomology. 

Emphasis on Agricultural Baljota— Sateen 
makes some of its greatest contributions in the field 
of agriculture. Therefore, any student who con- 
templates entry into the field of Agricultural En- 
tomology should be well grounded in scieutific 
agriculture. This should include strong courses in all 
technical agricultural fields. ‘ 

In turn every student pursuing agricultural work 
in southern institutions should be required to take 
a course in General Entomology and one or more 
courses in some economic phase of the subject. 
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The entomology graduate should also have a broad 
knowledge of farming operations if he is expected 
to be readily accepted by farm operators. This 
seems to be a very glaring weakness in the average 
graduate. 

Practical Experience.—The need for practical ex- 
perience is always evident. Student assistants and 
Research assistants in departments of entomology 
frequently gain experience that is invaluable in their 
future activities. All students, seeking the Bachelor 
of Science Degree in Entomology, need a period of 
practical experience during their college days or 
after graduating before they are certified for perma- 
nent employment in the field of entomology. 

Two Types of Students —Many students who pur- 
sue course work in entomology do not plan to 
follow the subject as a profession. The appreciation 
that these students have for the importance of en- 
tomology may have fundamental effects upon the 
advancement of the science. 

Therefore due regard should be given to the pres- 
entation of courses for such students. These courses 
should be informative while serving as a stimulating 
influence upon this important group. This can be 
done without a reduction in the standards that may 
be established for training professional entomolo- 
gists. 

Training of Vocational Agricultural Students.— 
The vocational agricultural student constitutes one 
segment of the above group. It is important that 
these young men be well trained in the fundamental 
principles underlying the control recommendations 
that are made. This will enable them to make more 
logical appraisals of changes that may periodically 
occur in control procedures. 

Broadness of Training.—The modern entomologi- 
cal educator is similar to the early educator in his 
insistence upon a broad basic training for entomol- 
ogy students. The entomology graduate must be 
well trained in the zoological and botanical sciences, 
he should be well trained in the agricultural sci- 
ences, and cpnsideration should be given to all other 
phases of science. 

Finally he should have broad training in all fields 
that will facilitate ready adjustment in his social as 
well as professional niche after graduation. 

S pecialization.—Extreme specialization of subject 
material constitutes one of the most profound de- 
velopments in entomology. This necessitates certain 
specialized training for those planning to enter the 
following fields: Teaching, Research, Extension, 
Apiculture, Plant Quarantine (Legal Entomology), 
Forest Entomology, Industrial Entomology, Struc- 
tural Pest Control and Medical and Veterinary En- 
tomology. 

It is doubtful if many of these specialized fields 
have been given due consideration by educational 
departments in the southern states. For example the 
present war has revealed striking deficiencies in the 
training for Medical Entomology. Even those stu- 
dents having course work in Medical Entomology 
were usually found to be inadequately trained in the 
actual identification of important disease vector 
groups. 

In the post-war period such fields as plant quaran- 
tine, Medical and Veterinary Entomology, Indus- 
trial Entomology, and Structural Pest Control will 
require the services of many of our graduates, Every 
effort should be made to assure the proper training 
of such individuals. 

Speaking and Writing.—The southern entomolog- 
ical graduate of the future should be one well 
trained in writing and public speaking. These con- 
stitute two of the most glaring weaknesses in our 
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graduates. Such weaknesses are too frequently re- 
vealed in submitted reports and public appearances. 

Organization and Administration.—The field of en- 
tomology includes projects which have tremendous 
appropriations. Many excellent entomologists have 
failed at the height of their careers because of a lack 
of training in organization and administration; as 
well as an inability to understand the public and the 
political institutions with which they are associated. 
Training along these lines would definitely benefit 
those entomologists who plan to go into quarantine, 
large scale control projects, industrial entomology or 
structural pest control. 

Visual Instruction and Exhibits.—Visual instruc- 
tion does not supplant the need for field contact with 
materials and problems. However, it is an essential 
modern accessory method of instruction. Every de- 
partment should attempt to build up a worthy 
movie, film strip, and slide library. Free exchange 
relationships should exist between every department 
in the south. This will broaden the service of such 
instructional methods. 

Each institution should endeavor to maintain 
worthwhile exhibits of destructive insect species that 
are important to agriculture as well as to the health 
of the citizenry. These should be made available to 
all worthy groups for demonstration purposes. 

Size vs. Efficiency —Entomology departments 
have increased in size in nearly every Southern insti- 
tution. This increase has included physical set-up, 
personnel, and student enrollment. However, ap- 
preciation of the importance of this field of endeavor 
has not reached proper heights. The present war has 
intensified the public acceptance of its importance. 
We must make every effort to bring proper ad- 
ministrative attention upon the needs of educational 
departments in order that facilities may be provided 
that will assure worthy advancement in the post-war 
period. 

Those states that do not have a separate Depart- 
ment of Entomology in their state college or uni- 
versity should be encouraged to make the necessary 
provision for the creation of such a department. 

GrapvuaTe Tratninc.—The conditions that exist 
in the South are conducive to the advancement of 
entomological training on the graduate level. The 
plant flora and fauna are abundant and this results 
in a diversity of entomological problems. The South 
is a great agricultural area and there is no single fac- 
tor that has a greater effect upon agriculture than 
insects. They are also important in their relationship 
to the health of our citizenry. 

The weather in many southern states is conducive 
to field research in entomology throughout the year. 
Such factors should immediately focus attention 
upon the need for development of instructional work 
on the graduate level. 

We seem prone to continue accepting an inferior 
position in the educational world. In some instances 
such an inferiority is more imaginative than factual. 
The physical set-up and personnel in many southern 
departments is superior to that possessed by some 
of the so-called “leading departments” when these 
departments entered the advanced degree field. 

If advanced degree work in entomology is to be a 
success in the south we must incorporate the follow- 
ing in our advancement platform: 

1. Encourage potentially strong graduate mate- 
rial to continue their training at suitable southern 
institutions. 

2. Discourage whatever tendency that may exist 
relative to recommending the weaker graduates for 
assistantship, fellowship, or scholarship vacancies in 
departments of southern institutions. 
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3. Encourage all employment agencies to give 
first or equal consideration to southern trained men 
for positions on southern projects. 

4. Encourage the offering of advanced degrees in 
those departments and institutions where it is feasi- 
ble. 

5. Institute a desirable publicity campaign on the 
value of graduate work to the agricultural and social 
advancement of the South. 

6. Encourage the establishment in our universi- 
ties and colleges of commercial and other types of 
scholarships and fellowships. 

7. Establish an employment committee; this com- 
mittee to act as a clearing house for releasing in- 
formation relative to vacancies. 

8. Encourage all administrative officers to effect 
a re-alignment in pay between the southern trained 
employee and those trained in other areas. 

9. Encourage the development of a standardized 
method of pay increase in southern institutions. 

10. Encourage capable teachers to remain in the 
South. 

Taxonomy anpD Museum.—The southern states 
have not made the proper progress in the field of 
scientific collections. This has been due in part to 
the small overworked personnel in each state and a 
lack of storage facilities. Every effort should be made 
to correct these weaknesses in the early part of the 
post-war period. 

Taxonomists.—The need for taxonomists during 
the present world conflict has attracted some atten- 
tion to the great needs in this field. Taxonomists 
that have been employed in war service or developed 
by war agencies will need employment after the 
cessation of the conflict. Efforts should be made to 
provide for them. 

Taxonomy has been neglected. Its importance in 
the future will be enhanced because of the possibility 
of insect introductions. Educational departments 
should provide for a more thorough training of stu- 
dents in the field of identification and museum meth- 
ods. 

State Collections.—Each state should begin the 
development of a permanent collection of insects 
with an ultimate aim of having a complete collection 
of all insects occurring within the state. At least one 
full time taxonomist and one or more aides should be 
employed. Such work might be of a cooperative 
nature between the Experiment Station, the Col- 
lege of Agriculture, the State Department of Agri- 
culture and the State Quarantine enforcement 
agency. Support for such work should be of a perma- 
nent nature. Careful insect surveys should be made 
in all state regions. 

Intimate contacts between such representatives in 
all southern states and those in Central and South 
American countries should be maintained in order 
that valuable interchanges of thoughts and ma- 
terials might be encouraged. 

National Collections.—In our zealous efforts to ad- 
vance our southern states in the fields of taxonomy 
and museums we must not fail to recognize the many 
advantages inherent in a well developed centralized 
national museum. Encouragement should be given 
to a more extensive subsidization of insect taxonomy 
and museums by the Federal Government. This mu- 
seum should eventually supply full identification 
service, and where feasible correctly identified 
specimens for reference use for a nominal sum. 

This sub-committee, is of the opinion that the 
progress in the fields of educational entomology, 
taxonomy, and museum will greatly influence the 
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sound advancement of all entomological fields in the 
southern region. 


H.S.Aparr  H.G. Jounston 
F. A. Fenton Cuiay LyY_e 
A. D. Hess C. E. Smita 


SUBCOMMITTEE ON QUARANTINE 


In submitting this report to the Chairman of the 
Post-War Planning Committee, the Sub-Committee 
on Quarantine has treated the subject under two 
headings: Domestic Plant Quarantines and Foreign 
Plant Quarantines. 

Domestic Puant Quarantines. (A) Realistic 
Approach Relative to Enforcement of Domestic Plant 
Quarantines.—It should be recognized that at the 
present time there are numerous difficulties that 
make quarantine enforcement a very complex field 
of work. It should also be recognized that many more 
difficulties will arise in the post-war period which 
will make the field of Domestic Plant Quarantine 
enforcement more complex. 

A strengthening of quarantine and inspection ac- 
tivities in the southern region due to the increase 
of both imports and exports, especially as a result 
of air travel, is most desirable. 

A definite contribution could be made to the field 
of quarantine enforcement by bringing to the atten- 
tion of all concerned the many difficulties that are 
now involved in enforcing Domestic Quarantines 
and in making a careful appraisal of those things 
that can be done to bolster the effectiveness of our 
quarantines. 

Trape Barrier QuaRANtTINes.—An_ unbiased 
study of all Domestic Plant Quarantines in the 
South-Southwest should be made to determine if any 
of the quarantines in force constitute unreasonable 
trade barriers. If such a condition were found to 
exist, action should be taken to bring such cases to 
the attention of the proper remedial agencies. 

UN rorMITy OF STATE QUARANTINES.—There has 
been and will continue to be an urgent need for uni- 
form State regulations concerning plant quarantine 
and inspection laws. There should be a constant 
effort to standardize the permit tags of the various 
states. 

EMPLOYMENT OF QUARANTINE Workers.—Inas- 
much as the post-war period may see large scale con- 
trol and eradication projects by State and Federal 
agencies and such projects, in most instances, would 
have to be tied in with the enforcement of quaran- 
tine regulations, it would be most desirable if tech- 
nically trained personnel could be employed by the 
various quarantine services as a means of improving 
the quality of quarantine work. 

WIipespPreAD INTEREST IN QUARANTINE WorK. 

It would be most desirable if all the entomologists 
of this group, regardless of the particular field in 
which they are engaged, were acquainted with the 
plant quarantine problems and ready to assist with 
their suggestions and helpful influence in bringing 
about desirable actions. For example, the pink boll- 
worm threat at present should be a matter of con- 
cern to every entomologist and not just those 
charged with plant quarantine work. 

Foreign PLANT QuaRANTINE.—Increased sup- 
port for the Division of Foreign Plant Quarantine in 
the Bureau of Entomology and Plant Quarantine on 
account of the development of many new problems 
due to the war should be a matter of general concern 
to this group. It is recognized that the problem in- 
volved in the enforcement of foreign quarantines 


W. Wurtcoms, Jr 
Joun T. Creicu 
TON, Chairman 
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will be greatly increased in the post-war period. To 
combat these problems we should all strive for greater 
Federal appropriations to provide adequate well- 
trained personnel to conduct this work in the post- 
war period. 

QUARANTINE INFoRMATION.—There is a great 
need for quarantine information in a condition 
satisfactory for assimilation by quarantine enforce- 
ment workers. This information should pertain to 
American quarantines as well as those of foreign 
countries. Publications relative to quarantine should 
be increased. 

MEMBERSHIP IN SCIENTIFIC SOCIETIES.—Quaran- 
tine workers should become affiliated with scientific 
groups and maintain such affiliation. 

Joun T. Cretcuton Oniver I. Snapp 

Cray Lye O. B. Griaes, Chairman 


SUB-COMMITTEE ON SOUTHERN 
EXTENSION ENTOMOLOGY 

Each member of this sub-committee has gener- 
ously contributed ideas and suggestions that have 
been incorporated into this report. 

It is apparent, to anyone who has given the sub- 
ject careful consideration that the Extension Service 
could be, and by all means should be, one of the 
most important factors in the future development of 
practical insect control throughout the Southern 
States. The Extension Service, because of the very 
nature of its organization, is in a position not only 
to widely distribute information concerning the 
control of insect pests, but to actually demonstrate 
to farmers that insect control is both practical and 
profitable. A large percentage of our farmers are not 
yet convinced that insect control in general is prac- 
tical and many think that it is too expensive. In 
reality insect control methods, if properly conducted, 
do not cost money but pay dividends. Thus the 
major factor in the future development of a wide- 
spread insect pest control program is ¢ problem of 
public education. 

This is well illustrated by a statement recently 
released by Dr. Annand that an estimated 150 mil- 
lion dollars are spent each year by Federal, State and 
private agencies in an attempt to prevent damage 
from about 70 of our more destructive insect pests 
in the United States, yet these same pests cause 
losses amounting to more than 1} billion dollars an- 
nually. Much of the loss attributed to any one of 
these pests can be prevented if available control meas- 
ures are applied generally throughout an infested 
area at the right time and in the right way. For the 
most part these losses can be prevented only by the 
farmer himself and he must be thoroughly con- 
vinced that insect control should be made a definite 
part of his production program, and should be given 
just as careful attention as soil preparation, planting, 
cultivating, and harvesting. 

The Extension Service as a whole has developed 
rapidly during the last twenty years but extension 
entomology, has not kept pace with the rapid strides 
made by entomological research. It is rather inter- 
esting to note that it was an entomological problem, 
the control of the cotton boll weevil, that led the 
way for the development of the National Extension 
Service and yet extension entomology has been the 
most seriously neglected branch of this organization, 
particularly in the Southern States. It has recently 
been pointed out that of a total of 1690 extension 
specialists in the United States only 50 are entomolo- 
gists. The percentage of entomologists in the South- 
ern States is even lower than this figure would indi- 
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cate, and this ratio is entirely out of proportion to 
the relative importance of the subjects involved. 
Only two states in the South, I believe, have more 
than one extension entomologist, and several states 
have none. 

Insect control problems have been greatly em- 
phasized during the last three years in connection 
with the war production programs and tremendous 
interest has been developed among the farmers of 
the South. Every effort possible should be made in 
the post-war years to maintain this interest and take 
advantage of the opportunity to greatly expand ex- 
tension entomological work. In order to do so there 
are many important factors that must be given par- 
ticular attention. Some of the more important ones 
will be listed here. 

1. The first and by far the most important re- 
quirement is to have at least one, and in most cases 
several, adequately trained extension entomologists 
in each state. No more effective method has been 
found to teach farmers how to control insect pests 
than the use of definitely controlled method and 
result demonstrations. These demonstrations must 
be closely supervised by the County Agent under the 
supervision of the extension entomologist. All pro- 
grams must be carefully planned in detail and pre- 
sented to the County Agent in such a way that it 
will require a minimum of his time and effort. This 
must be followed up during the growing season with 
field meetings and inspection tours so that the great- 
est number of people possible may be benefited by 
these demonstrations. Furthermore, considerable 
time will be required for state, district, and smaller 
group meetings with County and Home Agents to 
familiarize them with the program that he has 
planned and to inform them of new developments 
in methods of insect control. Consequently one Ex- 
tension Entomologist cannot adequately 'andle all 
entomological problems over a very lar,e territory. 

2. Another very important factor is edequate en- 
tomological training for County and Home Agents. 
Many County Agents and practically all Home 
Agents have had no entomological training. Still all 
extension insect control problems must be supervised 
in part at least by these Agents. It must be kept in 
mind, however, that County and Home Agents can- 
not be expected to be well trained entomologists. 
Their duties are many and varied and consequently 
their training must be general. Every County and 
Home .igent, though, should have a thorough basic 
knowledge of the structure, habits, development, and 
methods of control of insects in general. All agricul- 
tural and Home Economics Schools should offer gen- 
eral courses devoted largely to practical or applied 
entomology for students who do not expect to be- 
come trained entomologists. In the final analsyis 
the Extension Entomologist will probably have most 
of the responsibility for training County and Home 
Agents in methods of insect control. This can be 
done through field demonstrations that the agents 
must supervise, annual short courses, district and 
sub-district meetings, and individual contacts. 

3. Among the many farm organizations through 
which the Extension Entomologist and County and 
Home Agents can carry information to farm families 
the 4-H Clubs are perhaps most important. These 
boys and girls are much more interested in methods 
of insect control and other recent advances in agri- 
cultural methods than most adult farmers are. 
Furthermore it is usually much easier to get a 
farmer interested in a new project by working with 
his son than it is to work directly with him. At any 
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rate these 4-H Club boys and girls will be the farmers 
and housewives of tomorrow and the training and 
experience that they gain from insect control 
demonstrations will be most valuable in the future. 
With a little training and supervision many of these 
boys and girls will do an excellent job on insect 
control projects. It has been definitely demonsirated 
during the last two years that 4-H Club boys can 
do an excellent job of reporting cotton insect popula- 
tions for survey purposes. Since the economical con- 
trol of cotton insect pests must be based upon the 
populetion of pests in individual fields, then this sort 
of project quldbe definitely combined with control 
demonstrations._4-H Club members have also car- 
ried on successful demonstrations for the control of 
cattle grubs, poultry Kice, garden insects and others. 
There is no doubt that this field of demonstration 
work should be greatly expanded. 

4. Since insect control problems affect, either di- 
rectly or indirectly, almost every branch of agricul- 
tural production, the Extension Entomologist must 
maintain the closest cooperation possible with other 
extension specialists. The Agronomist, the Horticul- 
turist, the Animal Husbandman and others should 
take into consideration cultural practices such as 
soil preparation, varieties, rotations, time of plant- 
ing, proper pruning, destruction of crop residues, 
and ranch practices that will prevent insect damage 
as far as possible. Unless such cooperation is main- 
tained then insect control becomes primarily a sal- 
vage program after conditions have been made favor- 
able for their development and serious outbreaks 
result. 

5. Methods of presenting subject matter by the 
Extension Entomologist as well as County and Home 
Agents can be greatly improved. Colored slides and 
movies can be used to excellent advantage in many 
ways. A complete series of slides should be developed 
for all the major insect pests occurring in the area 
concerned. These slides should show the develop- 
mental stages of the insect, the nature and extent of 
its damage, and the method and results of proper 
control measures. Such a series of slides can be used 
for many different purposes by extension workers 
as well as commercial dealers. One unusual and in- 
teresting use of such slides was reported by a mem- 
ber of this Committee. A large seed dealer in Louisi- 
ana maintains a series of slides on insect pests in his 
area arranged by crops. When a grower comes to 
his store with a complaint concerning insect pests the 
deaier shows him these slides with a projector and 
determines exactly the pest involved. He is then in 
position to make specific recommendations for con- 
trol. Such a use would be valuable for County and 
Home Agents in addition to using them for many of 
their meetings. Colored slides have many advantages 
over movies for general purposes, although movies 
have a definite place in this type of teaching. 

6. It is generally recognized by both professional 
entomologists and members of industry that closer 
cooperation on problems of pest control is essential. 
There is no doubt that such programs as this will do 
much to create a better understanding of each others’ 
problems and ultimately lead to their solution. From 
the Extension Entomologists’ viewpoint perhaps the 
most important problem is the proper distribution 
of insecticides. Too often his recommendations are 
not carried out by the grower because he was unable 
to obtain the insecticide recommended. This can be 
overcome by the entomologist to some extent at least 
by obtaining from the wholesale dealers in any area 
a complete list of the insecticides handled and furnish 
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each County Agent in the State a copy of this list. 
The Agent can then inform his local dealer who is 
usually a seed dealer, feed dealer or druggist, con- 
cerning the principal insecticides that he expects to 
recommend in the County and furnish him with a 
list of dealers from whom they may be obtained. The 
entomologist must be fair and impartial in making 
his list and the dealer must cooperate by furnishing 
this list to prevent discrimination. Most manufac- 
turers and many dealers have been very cooperative 
in furnishing extension workers with materials for 
demonstration purposes. In some cases this privilege 
has been abused by extension workers by requesting 
more material than was needed or using materials 
for purposes other than was intended. It is also im- 
portant that in the formulation of insecticides for 
sale to growers the manufacturer should conform as 
closely as possible to State recommendations. Such 
cooperation will be mutually beneficial. 

7. Beekeeping is more or less a separate and dis- 
tinct program for the Extension Entomologist. This 
program has received considerable emphasis during 
the last few years because of the importance of bees 
wax in war production, as well as increased honey 
production. The increasing emphasis on legume crops 
for seed production, for soil improvement, and pas- 
ture improvement is increasing the interest in honey- 
bees as pollinators for these crops. The basic need 
for the expansion of this program, as for pest control, 
is a better understanding of the problems concerned 
among the farmers who must deal with these prob- 
lems. Therefore beekeeping should be included along 
with the educational program for pest control. 

In conclusion we believe it is evident that the edu- 
cational program for insect pest control should be 
greatly expanded in the post-war years. In order to 
do so a greater number of adequately trained Exten- 
sion Entomologists will be needed in the Southern 
States. Better training in Entomology will be neces- 
sary for County and Home Agents, and the Exten- 
sion Entomologists will need the whole-hearted co- 
operaiion of all other agencies interested in agricul- 
tural production. 

Aston Capp Sr. 

W. Wurrcoms, Jr. 

C. E. Smiru 


Horace W. Lee 

Cray LyLe 

Ourver I. SNAPP 

H. G. Jounston, Chairman 


SUBCOMMITTEE ON LARGE 
SCALE PROJECTS 
(PESTS OF GARDEN AND ORCHARD CROPS) 


LarGE ScaLe Projects ror ConsIDERATION.— 
The five-year pericd immediately after the combat 
phase of the war against organized armies ends, will 
undoubtedly usher in large scale control and partial 
eradication projects by State and Federal agencies 
of some of our more economic garden and orchard 
pests. More effective insecticides and improvements 
in machinery will surely contribute to the adoption 
of these projects. The Cotton States Entomologists 
must be prepared for such an eventuality. 

A great deal of stress will be placed on quality 
products after the war, and of course, this will in- 
clude vegetables and fruit crops. The new processing 
methods, such as quick-freezing, dehydration and 
others, will tend to increase the demand for blemish- 
free products. This will call for a general program on 
the control of vegetable and fruit insects. 

The control or eradication of the sweet potato wee- 
vil is a large scale project for consideration in plans 
for post-war entomology. Work is now in progress 
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on this project, but it can be extended to additional 
areas and enlarged in the areas being worked at this 
time. The control of the Oriental fruit moth is a 
project of large scale proportions, and plans for this 
project should emphasize biological control. The 
control of the codling moth is one of national propor- 
tion and the setup for a large scale project should in- 
clude all apple producing areas in the country. The 
development of the ethylene dichloride and propy- 
lene dichloride treatments for peachtree borer con- 
trol makes possible a large scale project with this 
insect. The degree of peachtree borer control from 
these insecticides is such that control and perhaps 
elimination of this insect in large areas is possible as 
a result of a large scale project of several years’ dura- 
tion. 

Tomatoes are grown extensively in the South and 
suifer considerable damage from the tomato fruit 
worm. The crop is grown in such scattered areas 
that it may not lend itself to a large scale project for 
tomato fruit worm control. However, during the 
post-war period this crop will likely receive consider- 
able attention in the states where it is grown com- 
mercially, and a large scale project on tomato fruit 
worm control should be considered. 

Direction or LarGe ScaLe ProJects.—Highly 
trained men who have demonstrated their adminis- 
trative ability should direct the large scale projects 
in the post-war period. This is necessary for public 
confidence and will result in better contributions. 

Preliminary Studies.—To provide for large scale 
projects in addition to those suggested for considera- 
tion, preliminary studies should be made now of 
those pests in the agricultural complex which would 
best submit to such concentrated control efforts, and 
thereby prove of greatest economic and social value. 

Tests With New Materials—Many new mate- 
rials for insect pest control have appeared recently 
and will continue to appear during the post-war 
period. The phytocidal effect of these materials on 
hosts must be known and insect toxicological tests 
will be required. Some of these tests with new chemi- 
cals should logically be conducted now to serve as a 
guide in outlining large scale post-war control proj- 
ects. 

Effect of Toxic Agents on Beneficial Insects.—The 
effect of new materials on parasites and predators 
will have to be determined before these chemicals 
can be included in the program of a large scale proj- 
ect for insect pest control. Careful consideration 
should be given now to the effect of new insecticides 
upon the biological complex, especially parasites and 
predators. 

Preventive Entomology.—It is believed that we 
should do more in the way of preventive entomol- 
ogy. For example, by the use of bait pails in apple 
orchards, advise orchardists as to the correct dates 
for applying codling moth sprays. It may be possible 
to devise a means of predicting what the pecan nut 
case-bearer may be in a large area by making ex- 
aminations of representative pecan groves through- 
out the area in order to determine the percentage of 
bored terminals. Electric light traps might be uti- 
lized to determine the appearance and abundance of 
certain insect species. The prediction of the appear- 
ance in destructive numbers of certain well known 
pests so that proper measures for their suppression 
may be taken by growers and orchardists themselves 
is the object of these suggestions. In areas where 
there are a large number of orchards or where truck 
farming is the principle business, the most good 
could be accomplished by placing in each area an 
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observer whose duty would be tc take frequent sam- 
ples on representative farms and issue periodic cur- 
rent information on pest control. We should know 
in advance what to expect in the way of insect out- 
breaks, rather than having to wait until they de- 
velop. 

Joun T. CREIGHTON 
F. A. Fenton 


C, E. Smit 
Outver I. Snapp, Chairman 


SUBCOMMITTEE ON EMPLOYMENT 


The following recommendations are made con- 
cerning the policies and actions of the Cotton States 
Branch with reference to post-war planning for the 
employment of entomologists: 

Re-EmpLoyMENtT oF Rerurnine Vererans.—In 
accordance with the “G.I. Bill of Rights,” all en- 
tomologists returning from military service should 
be given re-employment, even though it means re- 
leasing persons who have substituted for them dur- 
ing the war period. However, it should be kept in 
mind that these substitutes have in the large part 
been providing services of critical importance to the 
war effort, and full consideration should be given to 
their post-war employment needs. Particular atten- 
tion should be given to protecting those with sound 
entomological training and experience from suffering 
in competition with individuals who have had only 
a fleeting acquaintance with entomology through a 
temporary detail to such work. 

Futter Urmization or EntTomo.oaists.—Ef- 
forts should be made to encourage and promote the 
development of desirable post-war projects offering 
employment for entomologists; and to encourage 
and promote the fuller utilization of professional en- 
tomologists in agriculture, industry, teaching, and 
research. Among the possibilities may be listed the 
following: 


A. More extensive utilization of measures for the 
control of agricultural insect pests and insects 
affecting the health of man and domestic ani- 
mals. 

. The establishment of more laboratories for re- 
search in economic entomology and the in- 
tensification of research on regional problems 
in insect control. 

’. Increasing the amount of entomological exten- 
sion services provided by states and counties. 

. Providing more and better entomological train- 
ing in state colleges and universities and add- 
ing new courses in applied entomology such as 
entomological engineering, veterinary ento- 
mology, commercial entomology, and medical 
entomology. Decreasing “‘teaching loads” in 
order to improve the quality of entomological 
training. 

*. Government subsidization and expansion of 
work on the taxonomy of insects, particularly 
in state and national museums. 

‘. The establishment of more large scale state 
and federal insect control projects, such as the 
malaria control programs of the Tennessee 
Valley Authority and Malaria Control in War 
Areas. 

;. The fuller utilization of professional entomolo- 
gists by state and county health departments, 
insecticide companies, pest control operators, 
etc. 

. The establishment of legislation requiring the 
licensing and proper entomological training of 
individuals doing insect control work, particu- 
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larly with reference to the use of insecticidal 
materials such as DDT. 


Unironm Stanparps.—Uniform standards of 
training and experience should be established as 
qualifications for entomological employment at 
various professional levels. This is an extremely 
important task and deserves the most careful con- 
sideration of fully qualified individuals from the 
various fields of entomology. The establishment of 
such standards would lead to better entomological 
training in colleges and universities. Attention 
should also be given to the establishment of mini- 
mum salaries for the various professional grades. The 
word “entomologist’’ should be given more signifi- 
cance with refereace to entomological training and 
experience and membership in entomological socie- 
ties. 

EMPLOYMENT SERVICE FOR EntTOMOLOGIsTS.—The 
Cotton States Branch of the American Association 
of Economic Entomologists should provide an em- 
ployment service to assist worthy entomologists in 
finding employment and to help employers of en- 
tomologists in locating suitable personnel. The office 
of the Branch Secretary might well be used for pro- 
viding this placement service. 

H. S. Aparr Joun T. CreiGHTON 
G. H. Brapiey Horace W. Lee 
O. B. Grices A. D. Hess, Chairman 


SUBCOMMITTEE ON RESEARCH 


Tus Testinec or Insecticipes.—Recent trends 


are for the laboratory testing of the effect of insecti- 
cides on insects on a much more exact scale than 
hitherto thought possible. Equipment for this pur- 
pose should be available for testing new insecticides 


which have been discovered or developed during the 
war as well as those now in use against both injurious 
and beneficia! insects. As the second step in this 
work, facilities should also be available for testing 
promising compounds in small plots or plantings 
especially to determine the phytotoxicity and effect 
of weathering upon insecticides. 

There is need for greater use of approved experi- 
mental technique in planning factorial experiments, 
sampling the plots and evaluating data by methods 
of statistical analysis. 

Participation with reliable manufacturers is desir- 
able. This familiarizes the research staff with prob- 
lems of pest control in industry and it provides funds 
for expansion of research. 

COOPERATION BETWEEN FEDERAL AND STATE 
LaBoratories.—Coordination of federal and state 
laboratories in testing methods and planning work 
programs is desirable. The federal laboratory has the 
advantage of equipment, adequate personnel and 
labor which the state experiment station often lacks. 
There is also no diversion in teaching and extension 
so that intensive work can be done. The federal lab- 
oratory is not restricted by state lines so that a 
broader picture of the problem can be obtained. 

The state experimen’! station is more familiar with 
state problems, is in a better position to formulate 
specific recommendations, is better able to get out 
timely information, has access to better library facili- 
ties and has better contact with allied fields of re- 
search. By combining the advantages of both, en- 
tomological research can be greatly advanced. 

FUNDAMENTAL BroLocicaL Researcu.—There is 
a great need for more fundamental biological re- 
search. The study of insect pest species under con- 
trolled conditions, when possible, is often productive 
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of far reaching results. Facilities for controlling 
temperature and humidity in laboratory cabinets are 
necessary in this type of work. The insect species 
should also be investigated in its natural habitat to 
determine its reactions to food conditions, weather, 
competitors, natural enemies, etc. 

Insect Pest Propuem in A CHANGED SOUTHERN 
AGRICULTURAL Economy.—Cotton production 
Competition with other fabrics will inevitably re- 
strict cotton production to the best soils which wil! 
produce the best grade of lint in the east, accelerate 
large scale productive methods of cotton growing in 
the west, and give greater emphasis to the produc- 
tion of cotton for its oil and other byproducts. This 
will result in a demand for greater emphasis on in- 
tensive insect pest control in the east, and for the 
development of large scale control methods such as 
airplane dusting in the west. The boll weevil con- 
tinues to be our most serious problem but we should 
not be content with our present methods for control, 
nor should we neglect other pests of lesser impor- 
tance. 

Soil Conservation.—T he increased use of soil build- 
ing and conservation crops will bring up many new 
pest problems such as grass and pasture insects, 
forest insects and insect pests of forage crops, which, 
should be studied. 

Srupies on Resistant Varieties.—This is a rela- 
tively new field which should not be over en phasized 
but which should nevertheless be thoroughly ex- 
plored. This field offers great possibilities for the 
control of insect pests of field and forage crops where 
the cost of insecticides is prohibitive. A thorough 
knowledge of plant breeding genetics is necessary. 

Larce ScaLe Insect Controt Procrams.—Ex- 
perience in grasshopper control programs and with 
others of a similar nature has shown the need for 
revising certain control recommendations. Methods 
of taking samples to determine infestation have to 
be developed. The annual surveys if carried out, 
scientifically, offer a wonderful opportunity for 
broad ecological studies. 

Insect PropLems IN CONNECTION witH Foop 
ENGINEERING.—The South is a great potential pro- 
ducer of fancy vegetables and fruits which can be 
grown early, frozen, dehydrated, or otherwise proc- 
essed for shipment to the great industrial centers 
of the North. There will be problems of pests in the 
growing crops, demand for blemish-free products and 
pest problems in connection with food processing. 

Biotocican Controt.—The possibility of bio- 
logical control of certain imported species which are 
pests of the South should be investigated. 

BroapENED Score or EntomoiocicaL Re- 
searcu.—Much more information is needed on the 
biology and control of insect pests of man and ani- 
mals, ornamentals, forests and structures. 

EXPERIMENT STATION RESEARCH IN BEEKEEPING. 
—There is a need for more information on managing 
bees for effective pollination of specific crops. Bees 
must be a part of any program dealing with legume 
seed production, pasture improvement, soil conser- 
vation plantings, fruit production and many basic 
agricultural programs. 

INTER-RELATIONSHIP OF INSECTS.—Fundamental 
research is needed on the interrelationships of para- 
sitic and predatory insects, and especially the pol- 
linating insects such as the wild bees and honey bees. 
This is needed so that the evaluation of control 
measures on both injurious and beneficial insects can 
be made. 


MepicaL Entomo.tocy.—Entomology depart- 
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ments in state agricultural experiment stations were 
established primarily for the purpose of investigating 
agricultural insect problems. As a result, few mem- 
hers of the staffs have taken sufficient interest in 
insects of medical importance. The problems of med- 
ical and veterinary entomology are so closely alike 
and the need for more research facilities is so great, 
that we should offer our assistance to the state de- 
partments of health and other interested agencies. 
Many agricultural entomologists now serving in the 
armed forces will return with experience and training 
in this field and therefore the state agricultural ex- 
periment stations will be staffed with competent 
medical entomologists. 

GrapuaTe Researcny FeLitowsuips.—lIn state 
experiment stations, teaching is part of the duties of 
many members of the research staffs. Thus it is 
possible to coordinate graduate research with the 
various experiment station projects. It is of vital im- 
portance to train a corps of southern entomologists 
who know and appreciate southern farm problems. 
These will be the men who will take our places when 
we retire. The establishment of graduate fellowships 
in the experiment stations will (a) give immediate 
employment to the worthy graduate in entomology, 
(b) give stimulus for undergraduates to major in 
entomology because they will have a chance for pros- 
pective employment, ¢c) provide the older staff 
members with the enthusiasm and ideas of youth 
(d) provide added personnel to the experiment sta- 
tion ayd give the necessary assistance on projects to 
the regular staff, and (e) provide a means for the 
worthy student to take graduate work in entomol- 
ogy. 

Ouiver I. Snapp 
ALsTon CLapp, Sr. 
Cray LyLe 
Warren Wuitcoms 
R. C. Gaines 


SUBCOMMITTEE ON COMMERCIAL 
ENTOMOLOGY 

In a recent circular on Post-War problems in en- 
tomology. Dr. Annand, Chief of the Bureau of En- 
tomology and Plant Quarantine states that there is 
an annual loss amounting to 1} billion dollars caused 
by insect pests. 

From the above staggering figures it should be 
readily seen that the possibilities for trained en- 
tomologists in the Post-War period are unlimited. 
In our report there may be some overlapping of the 
report by the Sub-Committee on Employment. 
However, the two, Commercial Entomology and 
Employment, are closely related and are of such 
importance that your sub-committee feels that too 
much stress cannot be brought forward. 

Commercial Entomology can roughly be brought 
under the following headings: 1—Consulting En- 
tomologists, 2—Pest Control Operators, 3—Public 
Health Service, 4—Machinery Industry, and 5—In- 
secticide Industry. 

ConsuLtinc ENtomMovocists.—There are numer- 
ous opportunities in this field, such as large ranches, 
cotton plantations, fruit and crop producing areas, 
fruit and vegetable canning industry and the dried 
processed and frozen food industries. 

Pest Controu Orrrators.—This field is almost 
unlimited. Commercial Entomologists have com- 
pletely overlooked the possibilities in the smaller 
cities, of say from 5,000 to 20,000 population. The 
experience and knowledge that entomologists in the 
armed forces have gained from pest control opera- 


Joun T. CREIGHTON 

H. G. Jounston 

C. E. Smita 

F. A. Fenton, Chairman 
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tions as practiced in the military service should 
qualify them for parts of this field. 

Pustic Heatran Service.—This branch offers 
expanding opportunities to commercial entomolo- 
gists, especially those who have had some training in 
medical entomology. 

Macuinery Inpustry.—The manufacturers of 
spraying and dusting machinery now recognize that 
it takes more than engineers to produce sprayers and 
dusters that will give the proper performance in the 
field. The commercial crop dusting companies will 
expand in the Post-War period, and this field offers 
unlimited potentialities for the commercial entomol- 
ologist. 

InsecticipE Inpustry.—The possibilities in this 
field are enormous. This industry is constantly seek- 
ing better ways to more effectively use the insecti- 
cides that we now have available, and also to develop 
new and better insecticides. The wide range in this 
branch of commercial entomology, however, is the 
sales and service end. One with ordinary training 
can sell insecticides, but it takes a well trained en- 
tomologist to render the type of service that is neces- 
sary for a satisfied and profitable customer. 

For Commercial Entomology it is quite necessary 
that one have the proper training in his selected field 
before venturing out into commercial undertakings. 
For this reason it is urged that college departments 
of entomology revise their curricula so as to provide 
more of the kind of training needed for commercial 
entomologists. Trained men in the field of entomol- 
ogy are going to be scarce for the next several years 
as we have very few young men coming along at this 
time. 

There is a matter of vital importance to the In- 
secticide Industry that has been called to the atten- 
tion of this Sub-committee. This is a matter that 
has to do with the various state insecticide laws as 
they now stand. At this time there is a lot of work 
being done toward the revision of the present Fed- 
eral insecticide laws, and it is desired that at some 
future date that the various State insecticide laws 
will be modified and revised to a common point. 

F. A. Fenton H. S. Apair 
Ciay LyYLe Horace W. Ler, Chairman 
SUBCOMMITTEE ON INSECT PEST SURVEY 

Insects pest surveys are of two kinds (1) General 
Surveys and (2) Special Surveys. 

GENERAL Surveys.—The nature, scope and pur- 
pose of general surveys differ greatly. Generally 
speaking, the various surveys which have been set 
up by states and by the Bureau of Entomology and 
Plant Quarantine are in effect the assembling of 
records of the occurrence and status of insects. Such 
surveys provide a record of things that have oc- 
curred. They also provide an effective way for 
assembling, recording, and to a certain extent dis- 
seminating factual information of continuous value. 
Summaries of all records made in connection with 
special surveys should be included as a part of those 
kept by the general or regular Insect Pest Surveys. 
These surveys are valuable and should be continued 
and expanded. 

SpeciaL Surveys.—Special surveys may now be 
loosely considered in three groups (a) Surveys to 
determine the possibility of insect outbreaks, (b) 
Surveys to obtain current information on economic 
insects affecting crops and animals, and (c) Surveys 
of seaports of entry, railroad yards, airports and their 
environs. : 

Surveys to determine the possibility of insect out- 
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breaks.—In the post-war period it is certain that the 
public will appreciate warnings of what insect out- 
breaks it may expect in order that preventive meas- 
ures may be taken before such outbreaks occur. The 
insect pest survey can play a very important role 
in this work, Annual surveys similar to that of the 
present grasshopper survey should be made to tell 
us what to expect yearly for each of the more im- 
portant insects attacking southern crops and ani- 
mals. Entomologists should keep abreast of the in- 
festations in the several states better than heretofore 
and this can be done by the enlargement of the work 
of the insect pest survey. The results of this work can 
be used to make insecticides available at the right 
time. Surveys of this kind should be continued, de- 
veloped and expanded. 

Surveys to obtain current information on economic 
insects affecting crops and animals.—Cotton insects, 
especially boll weevil, bollworm, jeafworm and flea 
hopper; screwworms; pea aphid on peas; Mexican 
bean beetle; pea weevil; caterpillars on cole crops; 
potato and bean leafhoppers; velvetbean caterpillar; 
flea beetles on potatoes and Hessian fly were given 
special attention in so-called emergency surveys 
during the season of 1944. One of the most extensive 
surveys was that of cotton insects. Examinations 
were made in 25,000 fields for boll weevils, 5,000 
fields for flea hoppers, and several thousands for 
leafworms and other insects. The information thus 
obtained aided in the orderly distribution of in- 
secticides and in advising cotton growers when and 
where control was needed. Information obtained on 
other insects was used in a similar way. Weekly 
reports were prepared and distributed to the War 
Food Administration, War Production Board, In- 
secticide Industry and cooperators on the insect 
pest survey. The results obtained from such surveys 
will enable Federal, Experiment Station and Ex- 
tension Workers to release timely information that 
will be of value to farmers, insecticide and machinery 
manufacturers and dealers, and many others inter- 
ested either directly or indirectly in the production 
of agricultural crops and animals affected by such 
pests. Such surveys, to be of value, should be made 
over a wide area and would involve the services and 
cooperation of a large number of people. The value 
of this type of special insect surveys has already been 
demonstrated. It is highly desirable for this work to 
be continued, expanded and organized on a perma- 
nent basis. 

Surveys of seaports of entry, railroad yards, air- 
ports and their environs.—The expected expansion 
in international trade following the war and im- 
proved facilities for moving commodities between 
continents will increase the hazard of insect-infested 
materials reaching this country from foreign nations. 
Experiences of the past few years emphasize the need 
for extending and intensifying surveys to detect in 
the incipient stage newly introduced insect pests. 
Should an insect of economic importance, or even 
potential importance, be found every effort should 
be extended to obtain information on method of in- 
troduction, origin, commodity on which it was in- 
troduced, time of introduction, and extent of spread. 
Information thus obtained will provide a basis for 
preventive or control action. The information will 
also serve as a guide to industry for the manufacture, 
stocking and distribution of insecticides. 

C. E. Smira O. B. Grices 
Outver I. Snare H. G. Jounston 
F. A. Fenton Horace W. Lee 
R. C. Garnes, Chairman 
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SUBCOMMITTEE ON MEDICAL 
ENTOMOLOGY 


Researcu.—The group believes that the startling 
developments and accomplishments in the preven- 
tion of some of our most important insect-borne 
diseases during the war period have so brought this 
field into the limelight that strong support will be 
forthcoming for further research to develop ways and 
means of controlling all such diseases in the post war 
period. It is anticipated that the established Federal! 
and other institutional research agencies which 
were concerned with these problems prior to the 
war will be continued and will expand. However, in 
the past, insects of medical importance have re- 
ceived little attention from State colleges and Ex- 
periment Stations and these agencies should be en- 
couraged to undertake investigations and the Office 
of Experiment Stations might be approached in this 
connection. Undoubtedly many baffling local prob- 
lems would be solved by having investigations widely 
distributed such as would be achieved by the par- 
ticipation of these state agencies. For instance, we 
havé pretty good general knowledge of the ecology 
of our malaria vectors, however, conditions in 
widely separated areas frequently still are difficult 
to evaluate. The field of physiology of insect vectors 
particularly as related to the development of para- 
sites in the definitive host and the toxicological 
effects of insecticides is one which needs increased 
attention. Papers such as that presented by Dr. 
F. C. Bishop at the recent New York Meetings in 
which problems concerned in the control of several 
of our disease vectors were discussed, should be given 
wide distribution to call attention to these needs. 

The benefits to be derived from coordinated re- 
search work have been well demonstrated by the 
rapid progress made in the development of DDT as 
an insecticide. In this work the Bureau of Entomol- 
ogy and Plant Quarantine, the Army, the Navy, the 
Public Health Service and the various O.S.R.D. con- 
tractors have all maintained contact with one an- 
other and exchanged reports and ideas. This group 
believes that coordination of this type should be 
fostered and that this association should join with 
other technical societies in promoting an organization 
for the coordination of entomological research. 

Teacutnc.—The group believes that courses in 
medical entomology should be offered by colleges 
and universities for the purpose of meeting the needs 
of the various professions interested in this field. The 
professional economic entomologist although pri- 
marily concerned with crop pests should be given a 
course in medical entomology so that he will have 
an appreciation of and some familiarity with the 
field. A general survey course should be given all 
physicians and those specializing in tropical medi- 
cine should of course have more. The sanitary engi- 
neer should be given precise instruction on the bi- 
ologies of disease-carrying insects, the principles un- 
derlying control and the methods, materials, and 
equipment necessary in the handling of large scale 
control projects. The student who expects to follow 
medical entomology as a profession should not only 
have broad training in the sciences, with a major in 
entomology, but should follow a more or less pre- 
scribed course of training which should include 
courses in general and systematic entomology, biol- 
ogy, ecology, physiology, toxicology, applied en- 
tomology, including practical survey and control 
work in the field of statistical analysis and report 
writing. Graduate training in an approved school of 
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public health to acquire familiarity with the epi- 
demiology of disease and Public Health methods and 
administration would do much to raise the profes- 
sional status of the entomologist in public health 
work. It is believed that some institution should be 
encouraged to take the lead in working out a course 
to fit the needs of this field. Some excellent thoughts 
along this line are contained in a paper presented by 
Dr. R. L. Usinger at the recent New York Meetings 
which will appear in an early issue of the JourNAL. 

Larce Scare ProJects.—It has been rather 
difficult to summarize the opinions held by the group 
on the handling of large scale projects for the control 
of insects affecting the health or comfort of man and 
for this reason purely pest problems are discussed 
separately from those involving disease control. It 
will no doubt be accepted by ali of us that a funda- 
mental weakness in many control projects in the 
past, such as those directed against mosquitoes is 
is that work has been carried on without entomologi- 
cal guidance. The Bureau of Entomology and Plant 
(Quarantine for years has been concerned about this 
situation and has attempted with some success to 
get state entomological agencies to become more ac- 
tively interested in such work. By such participation 
not only could we have avoided to a large extent 
many of the unfortunate controversies of the past, 
such as those involving wildlife, but certainly more 
effective and economical work would have resulted. 
It is believed the members of this Association who 
are State Officials could do much toward improving 
this condition by taking a more active interest in 
such work. 

The desirability of having qualified entomologists 
participate in the planning and supervision of proj- 
ects for the control of insects of medical importance 
also is not open to question. Here we must recognize 
that as such projects deal with public health, they 
are a function of health services and both logically 
and by established custom in this country, they 
come under the executive direction of health au- 
thorities. On insect control projects prosecuted by 
the T.V.A. over a period of years, and by such organ- 
izations as the Army, Navy, and by the Public 
Health Service working through the several State 
Health Departments, the need for entomological 
work has been recognized. In these organizations 
control work is directed by a team of specialists con- 
sisting of a physician, an engineer, and an entomolo- 
gist. It is believed that this cooperative approach is 
logical and unquestionably it has led to conspicuous 
progress. One result is that entomologist undoubt- 
edly will find openings on the staffs of State Health 
Departments in the post-war period. 

Status oF Entomo.ocists in Pusiic HEALTH 
Work.—The topic of how to make the status of the 
entomologist in health work more dignified and se- 
cure has been presented to the group for considera- 
tion. The feeling of the leader of this group is 
expressed in the preceding paragraph. That is, the 
need for entomologists in insect work in connection 
with health problems is recognized and in the post- 
war period entomologists will be employed by health 
agencies. In this field the need will be imperative 
for cooperative work with other professions and in 
most cases at least, the degree of recognition ac- 
corded the entomologist will depend on the in- 
dividual, his fitness for the work, and the quality of 
service he renders. 

_ Crepit ror Wartime [nvestication.—Concern- 
ing the question of credit for research work done dur- 
ing the war period, publication of which has been 
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held up for security reasons, it is believed this can 
only be handled by each paper carrying a date line 
to indicate when it was prepared. Future authors 
in giving credit for ideas or findings should be care- 
ful to recognize the work having priority, even 
though its publication date may be later than that 
of others which perhaps may report similar or more 
comprehensive data. Editors of journals might give 
much assistance in handling this vexing problem. 
A. D. Hess H. S. Aparr 

Joun T. Creicuton G. H. Brapiry, Chairman 


SUBCOMMITTEE ON VETERINARY 
ENTOMOLOGY 

I don’t have a prepared paper on this subject, 
and I am afraid that if I had one I would have to 
repeat a lot of what has already been said. Many fine 
things have been brought out, particularly with 
reference io training of entomologists and the re- 
quirements of that training to meet the requirements 
of the postwar period. 

Lieutenant Colonel Bradley has brought out the 
fact that before the war we had relatively few trained 
medical and veterinary entomologists. No one 
realizes that better than the Army, because it was 
necessary for the Army and Navy to train many 
hundreds of men, most of whom will be coming back 
as veterans, and they will most likely want to con- 
tinue in this field of work. I believe that at least 
the majority of them will seek and accept work in 
medical and veterinary entomology or in some spe- 
cialty of that bre.nch. 

What are we going to do with these entomologists 
who have had sich wonderful experience and train- 
ing all over the world when they return during the 
reconstruction period? We should not lose them in 
this field, and I hope we won't. The only way we 
can retain them is through planning that will pro- 
vide attractive and worth-while employment to 
them in this or other branches of entomology when 
they return after the cessation of this conflict. 
I sincerely hope that as a result of sound planning 
for the postwar period we shall be in position to ab- 
sorb all the returning veterans who desire to con- 
tinue entomological work, so that they will not be 
forced to go into some artificial work—leaf raking, 
or what have you?—in order to make a living. 

We certainly can sponsor enough worth-while 
projects here in the cotton states alone to absorb all 
the veterans who cannot be absorbed by Federal 
and State stations, as was brought out earlier in this 
program by Dr. Fenton. It is certain that those 
veterans who will not be able to find desirable 
work either in Federal or State stations on attractive 
postwar entomological projects will go into other 
fields of employment during the reconstruction 
period and will most likely be lost permanently to 
some field other than entomology. This I am told 
will ultimately result in a shortage of trained per- 
sonnel for the permanent entomological projects 
which will surely come after the reconstruction 
period because no or at least only few entomologists 
are being trained by our colleges and universities 
during the war. In order to retain them in our pro- 
fession, we must now begin to plan projects that can 
absorb all of our returning veterans in this and other 
branches of entomology and give these men a chance 
to get into a field of work of their first choice, to- 
gether with compensation that will attract and hold 
them, and at the same time do work that will pay 
real dividends to our cotton states and to our 
nation. . 
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The projects that I think are most important 
during the readjustment period are survey, which 
have already been mentioned, and control and eradi- 
cation of the more important insect pests here in 
the South and throughout the nation. The surveys 
made by our bureau and by the States during the 
past year or two on cotton insects, grasshoppers, 
screwworms, etc., demonstrated their value in that 
they have served admirably in giving us rather ac- 
curate advance information on problems that are 
developing and that we must be ready to meet 
promptly in order to save our crops and our animals 
for our war effort. 

The screwworm survey in the states west of the 
Mississippi, which was made from our station in 
Dallas, determined the spread and abundance of 
this pest in 16 states during the past year and made 
it possible to quite accurately estimate the amounts 
of critical ingredients needed for Smear 62 for con- 
trolling this pest. Since these materials are drasti- 
cally rationed and cannot be released very suddenly, 
the information we obtained through the survey 
gives us the advance information as to a pending 
outbreak and also gives us a chance to get these 
critical items released, processed, and placed in 
areas where and when they are needed. As a result 
of this survey many animals so essential to our war 
effort were saved. There is certainly plenty need 
for employment of veterans in surveys of cotton 
insects, of many other field and orchard pests, and of 
several serious pests of man and animals. 

We certainly also have many control problems 
that in the aggregate would need more manpower 
than the war veterans with medical and veterinary 
entomological training could furnish. One with 
which we are faced today and which probably affects 
the Army and our war effort as much as or more 
than any other single agricultural project pertaining 
to entomology, is the cattle grub; also lice, flies, and 
many other important control problems in this and 
other fields of entomology. 

We also have the most urgent need for an insect- 
eradication project that ever faced the cotton states 
in the history of cotton—the eradication of the pink 
bollworm. Another excellent problem of this nature 
would be the eradication of the screwworm in the 
Florida area. This is an isolated infestation, and 
once it is cleaned out it could easily be kept out 
of the entire southeastern area. I believe this is 
possible and no more difficult than it was to eradi- 
cate the Mediterranean fruit fly from the Florida 
area. 

These are only some of the problems that we 
should seriously consider in any postwar planning 
program. 

Planning alone, however, will obviously be useless 
unless we also provide funds in amounts that will 
be entirely adequate to put our plans into effect 
immediately after the war and continue them until 
employment in permanent projects is possible. 

I hope that this conference on postwar planning 
will not result in planning alone but that we will 
also devise ways and means for securing the neces- 
sary funds to put our plans into effect, which is ob- 
viously a prerequisite for a sound postwar program 


in entomology. 
E. W. Laake, Chairman 


SUBCOMMITTEE ON PUBLICATIONS 


The Sub-Committee On Publications reports as 
follows: 
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1. Although public interest in insect control is 
being currently stimulated by developments during 
the war, especially the use of aerosol bombs and the 
spectacular results with DDT, more publications 
and publicity of a popular nature are needed to in- 
crease public knowledge of the importance of en- 
tomology. Efforts along this line should not be 
limited to official bulletins, circulars or leaflets but 
should also include news articles, radio programs and 
other methods. It is suggested that much greater use 
be made of college agricultural editors, farm papers 
and farm organization publications. 

2. The Sub-Committee on Publications seems to 
be generally agreed that a textbook on entomology 
for the South is needed. Insect problems peculiar to 
this section are usually inadequately treated in texts 
written for general use and many important pests, 
for «example several destructive pecan insects, are 
omitted entirely from the texts most widely used in 
teaching economic entomology. Consideration of 
publishing costs and the probable college demand 
for such a text indicate that it would have much 
better financial prospects if prepared in such form 
as to serve also as a handbook for county and home 
demonstration agents, teachers of vocational agricul- 
ture and other agricultural workers. 

3. The members of the Sub-Committee on Publi- 
cations are divided as to the need for a new journal 
for the publication of entomological research in the 
south. It is asserted by some that southern research 
papers have been rejected by the JourNAL or 
Economic EntomMo.ocy without good reason, while 
others contend that the JourNaL or Economic 
EntTomoLocy should be developed to the fullest 
extent possible so as to keep entomologists well- 
informed on developments in all sections of the 
country without having to subscribe to a number of 
publications of the same type. This question should 
be considered carefully by our entire membership 
before any action is taken. 

4. Recognizing the value of early impressions, 
it is recommended that efforts be made to include 
more material on insects in the reading texts used 
in the elementary grades and in the science texts 
of our schools. Here is a splendid opportunity to 
teach in an interesting way the importance of the 
honeybee, the relation of insects to health and many 
other entomological subjects. The state boards re- 
sponsible for the adoption of elementary and high 
school texts should be approached on the impor- 
tance and desirability of including this material in 
the curriculum. 

G. H. Brapiey 

Joun T. CreiGutTon 

Cray Lye, Chairman 


SUBCOMMITTEE ON LEGISLATION 

The Subcommittee on Legislation reports as follows: 

1. It is recommended that the Southern Plant 
Board be given the active support of all southern 
entomologists in its efforts and that those of us 
engaged in other than regulatory phases of en- 
tomology acquaint ourselves with the problems in 
this field for the two-fold purpose of improving our 
own services and also in order that we may speak 
intelligently to the public about quarantines and 
large scale pest control projects. This is especially 
important when we consider that appropriations 
for the support of entomological work of all kinds 
often depend not on the requests of entomologists 
but on the amount of public interest in such matters. 


O. 1. SNAPP 
Warren Wurtcoms, Jr. 
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2. It seems probable that there will be much 
greater interest in commercial pest control after 
the war than existed previously. Therefore, it is 
recommended that all southern states endeavor to 
secure uniform laws and regulations for governing 
the work of pest control operators. It is recognized 
that the Southern Plant Board has already given 
consideration to this problem and we urge the Board 
to continue its efforts along this line. 

3. Since regulations of the Federal Food and 
Drug Administration do not govern the labelling 
and sale of insecticides wholly within the states in 
which they are manufactured and are often inade~- 
quate to protect buyers in interstate trade, it is 
recommended that the regulatory agency in each 
state responsible for official pest control give con- 
sideration to securing the adoption of laws and regu- 
lations governing this subject. Obviously, such laws 
and regulations should not be in conflict with the 
Federal regulations for interstate trade and should 
be as uniform as possible. To this end it is suggested 
that the Southern Plant Board appoint a committee 
to study state and Federal insecticide laws with a 
view to recommending a model law with uniform 
provisions in all states. 

4. It is recommended that copies of this report be 
sent to the chairman and the secretary of the 
Southern Plant Board. 
Joun T. CrEIGHTON 
F. A. Fenton 
C. E. Smira 


H. S. ADatr 
A. D. Heiss 
Ciay Lyte, Chairman 


THE AUDITING COMMITTEE 
The auditing committee has examined the report 
of the Secretary-Treasurer and finds it correct. 
CHARLES LINCOLN 
W. W. STanLey 
L. L. Eneuisn, Chairman 


THE RESOLUTIONS COMMITTEE 


Wuereas, The Cotton States Entomologists have 
had a constructive and enjoyable meeting in their 
nineteenth annual session, we offer the following 
resolutions: 

Resolved, That we are deeply indebted to the 
members of the Local Committee on Arrangements 
for securing a comfortable meeting place and for 
providing pleasant entertainment. 

Resolved, That the Secretary be instructed to write 
a letter of appreciation to the management of the 
Hotel Roosevelt and especially that Mr. Roy Bart- 
lett, Convention Manager, be cordially thanked for 
his sincere efforts in providing a meeting place and 
other comforts for the members in spite of extremely 
crowded war-time conditions. 

Be it further resolved, That the Secretary be in- 
structed to write a letter of appreciation to Mr. B.B. 
Jones, Agricultural Director of the New Orlears 
Association of Commerce, for providing the very 
efficient and courteous assistants who facilitated 
registration. 

We thank Dr. F. L. Thomas and the members 
of his Committee on Post War Planning for their 
thought, worry, and constructive suggestions for 
the good of the profession. Dr. Thomas’ unavoidable 
absence from the meeting is regretted. 

Resolved, That Mr. D. L. Van Dine, President 
of the American Association of Economie En- 
tomologists be extended our congratulations for his 
thought provoking address which brought out the 
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wide value of cooperation in solving insect control 
problems. 

Wnuereas, The members of The Cotton States 
Branch of the A.A.E.E. recognize the importance 
of the pink bollworm as the most dangerous threat 
to the Agricultural economy of the South, and, 
Whereas, we view with alarm the recent extensive 
spread of this insect in Texas. 

Therefore be it resolved, That we endorse the action 
taken by the Southern Plant Board at its recent 
meeting at Memphis, Tennessee, commending com- 
missioner J. E. McDonald of Texas and the Bureau 
of Entomology and Plant Quarantine for the pro- 
posed program for suppressing and preventing the 
further spread of this pest. 

Realizing that the future of the cotton industry 
of America is at stake, we urge the strictest enforce- 
ment of the proposed program and pledge our in- 
dividual and collective efforts in rendering any 
assistance possible. Be it further resolved, that 
copies of this resolution be sent to Secretary of 
Agriculture Wickard, to Commissioner McDonald 
and to Dr. Annand, Chief of the Bureau of En- 
tomology and Plant Quarantine. 

Resolved, That the Branch express.s its sorrow on 
thé passing of the following southern entomologists: 


E. W. Berger, Florida 

Harrison Garman, Kentucky 

D. W. Grimes, Mississippi 

John C. Hamlin, Mississippi 

P. H. Relfs, Florida 

C. E. Sanborn, Oklahoma 

Lieut. William Roy West, Mississippi 


The Cotton States Branch expresses its apprecia- 
tion to the several commercial concerns which made 
it possible by their generous financial assistance to 
mimeograph the proceedings of the Eighteenth 
Annual Meeting and War Conference on Entomol- 
ogy. The Secretary of the Branch and his office 
helpers are due much credit for the tedious work of 
preparing the many stencils necessary. 

Be it resolved, That we send greetings to all of our 
members who are serving our country by special 
duty, in uniform or not. We deeply appreciate the 
sacrifices and contributions they are making. 

Respectfully submitted, 

Davip DuNnNAvoNn 

W. H. Mecom 

Tueo. L. Bissett, Chairman 
THE EXECUTIVE COMMITTEE 

The Executive Committee recommends that the 
question relative to the holding of a meeting in 1946 
be left to the incoming executive committee. 

The Executive Committee referred to the Resolu- 
tions Committee a special resolution pertaining to 
Pink Bollworm eradication. 

The Committee recommended that a Subcom- 
mittee be appointed from The Post-War Planring 
Committee to consider the establishment of definite 
standards for professional Entomologists. 

The Executive Committee recommends that funds 
subscribed by Industrial organizations for publica- 
tion of proceedings be accepted with sincere thanks 
and appreciation. 

The Committee recoinmends that the Executive 
Committee, The Post-War Planning Committee, and 
The Past Chairman meet annually at a central 
location until Government restrictions on travel are 


lifted. 
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The Committee recommends that the Secretary 
approach the Editor of Tus Journat or Economic 
Entomo.ocy relative to the publication of proceed- 
ings of the Southern War Conference on En- 
tomology. 

C. H. ALpEen 
O. W. Rosewat. 


Joun T. CREIGHTON 
E. W. Laake, Chairman 


COOPERATION BETWEEN THE MEMBERS 
OF INDUSTRY AND ENTOMOLOGISTS 


Mr. President, Members of the Agricultural In- 
secticide and Fungicide Association, and Friends: 
It is because of your invitation that we appear 
before you as representatives of Southern en- 
tomologists, especially those that constitute the 
membership of the Cotton States Branch of the 
American Association of Economic Entomologists. 
We bring you sincere greetings from our fellow 
Entomologists. We deeply appreciate the oppor- 
tunity of meeting with the “Basic Product’’ pro- 
ducers of the Insecticide and Fungicide In.‘ustry. 
We hope that much good will be derived from our 
consultations. 

It is the opinion of many southern entomologists 
that there is a definite need for closer integration of 
activity between entomologists and the members of 
industry. Accordingly, at our February meeting in 
the city of New Orleans we appointed a special 
committee on insecticides. This committee made a 
report to our membersip which was in turn sub- 
mitted to our executive committee with specific 
instructions that concrete action be taken. Subse- 
quently, a petition was formulated and presented to 
you through your able Executive Secretary, Mr. 
L.. S. Hitchner. The petition follows: 


To the Agricultural Insecticide and Fungicide 
Association:—Upon recommendation of a special 
committee on insecticides of the Cotton States 
Branch of the American Association of Economic 
Entomologists, the Executive Committee of this 
organization hereby urges that the Executive 
Secretary of the Agricultural [Insecticide and 
Fungicide Association bring to the attention of the 
members of the latter organization the needs 
of entomological work in the south-southwest, and 
the part that its members may play in pest 
control. 

Particular attention should be given at this time 
to such general problems as a more effective 
distribution system for insecticides, and the need 
for increased cooperation by members of the in- 
secticide industry in placing representatives of 
their technical staffs in the several southern and 
southwestern states to cooperate with State and 
Federal authorities in field tests. 

The members of industry are urged to respond to 
needs brought about by localized problems when 
such needs are brought to their attention and the 
solutions are practicable. 


Upon receipt of this petition from the office of your 


Executive Secretary, many members of industry 
made what might be termed defensive reply. In 
these replies you clearly outlined the activities in 
which you are now engaged in Southern and South- 
western States. These included research fellowships 
in Southern Institutions of higher learning, coopera- 
tive projects with state agricultural groups, the 
placement of technically trained men in southern 
regions, research projects with large growers or dis- 
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tributors, the supplying of samples for research 
purposes, and a conscientious effort to meet regional 
and local distribution problems. 

The south-southwest is a great agricultural region. 
It produces heavily many crops, such as cattle, hogs, 
cotton, corn, citrus, deciduous fruits, vegetables, 
poultry, cereal grains, tobacco, and others. Such a re- 
gion is worthy of the attention of all who are in- 
terested in agricultural stability and advancement. 
Southern entomologists realize full well the present 
and past efforts of industry to render worthwhile 
service. For such contributions we are deeply ap- 
preciative, and we unhesitatingly commend you for 
your conscientious efforts. 

The agricultural industry has advanced rapidly 
during the past fifty years. This advancement has 
been made possible in great part because of tech- 
nical research. This research has included entomo- 
logical research. One branch of entomological re- 
search has been that pertaining to the use of in- 
secticides. ‘et in this latter field we are only getting 
started. The technical character of insecticidal 
research has developed rapidly during the last 
fifteen years; and such a trend is an indication of 
progress. 

It is encouraging to note that the members of in- 
dustry have definitely come to appreciate the great 
value of a technically trained personnel. It behooves 
professional entomologists to encourage this trend 
because of the overall value that it will render to 
entomology and agriculture. 

Therefore, it is our thought that in the postwar 
period you of industry will endeavor to broaden 
your services, especially in the technical contribu- 
tions. In your overall planning we urge that due 
consideration be given problems of the south-south- 
west. We feel that such an invitation to the members 
of industry constitutes a high comp!iment. This is 
true because it was only a few years ago that many 
federal and state professional entomologists tended 
to look with suspicion upon cooperative work with 
commercial organizations. Now we are trying to 
join hands in a common effort to advance mankind, 
and the professional worker has been first to extend 
the hand of professional unity. This should con- 
stitute a milestone in our work. 

The members of your organization have asked that 
we present recommendations concerning methods 
whereby advancement can be made. We wish to 
assure you that the points that we shall stress are 
not criticisms but rather constructive suggestions. 
These have come to us from numerous field workers 
in our southern district. Though we who present 
this discussion concur in most of the recommenda- 
tions we do not necessarily endorse all of them. 
However, as representatives of our group we fee] 
obligated to present them to you for your considera- 
tion. 

DistrRiIsuTION ProspLems.—Seasonal Shortages.—It 
is likely that the members of the insecticide industry 
recognize distribution as one of their most perplexing 
problems. Some of the entomologists in our southern 
area feel that the members of industry are meeting 
these problems satisfactorily, while others feel that 
improvements can be made. It is often true that in 
certain regions seasonal shortages frequently occur 
or the supplies are late in arriving. Unless an insec- 
ticide is available to the grower when needed it is 
worthless. It has been suggested that this problem 
might be solved if manufacturers could establish 
and maintain large stores of insecticides in high crop 
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production regions in order that supplies would be 
available to local dealers on short notice. This would 
avoid forced production of insecticides at undesir- 
able times which usually creates a sharp rise in price 
under heavy demand conditions. 

SmaLtt Packace Propitem.—The small package 
problem continues, including the unreasonable 
cost of such packages. In some areas the majority of 
insecticides sold are in small packages and a con- 
stant effort should be made to meet demands in all 
small cities and towns. Government and State 
workers with the cooperation of Industry might 
solve this problem by encouraging farmers and other 
consumers to organize buying clubs or cooperatives. 
The manufacturer could then reach the consumer 
through fewer customers and larger packages. 

Tratninc or Deaters.—Distribution could be 
effectively improved if dealers in insecticides were 
better trained. Their lack of knowledge makes them 
quite hesitant concerning the purchase of new ma- 
terials, and the purchase of sufficient quantities of 
insecticides to take care of heavy seasonal popula- 
tions (outbreaks) of a given economic species. 

Cooperative Researcu.—Cooperative research 
in entomology can be made valuable to all con- 
cerned. This type of close affiliation between mem- 
bers of the insecticide industry and state and federal 
entomologists is desirable. These contacts should be 
more frequent than they are at present. Such co- 
operative endeavors should have as their prime 
objective the establishment of scientific principles 
with the testing or comparison of brands relegated 
to a place of secondary importance. 

Preliminary Tests.—It seems extremely important 
that industry should have their professional en- 
tomologists do the major part of all preliminary 
testing unless it is done on a fellowship basis. Field 
testing of released materials by federal and state 
entomologists should be subsequent to such thor- 
ough preliminary tests. 

Manufacturers Knowledge of Problems.—The first 
approach of any manufacturer in a state should be a 
conscientious effort to become thoroughly familiar 
with all insect problems of the state. Cooperative 
research should take into consideration the various 
conditions that exist within a state due to climatic 
and soil conditions as well as other factors. 

In seeking knowledge concerning insect problems 
in a state the members of industry should carefully 
counsel with entomologists and not depend upon 
the opinions of self-appointed authorities in this 
field Yes, each year the members of industry will 
find that they need additional expert entomological 
advice. We expect you to lean heavily upon mem- 
bers of our profession. It is noteworthy that you are 
appointing more entomologists to your technical 
staffs. Whenever you deal with the complex problems 
that insects present you will need professional en- 
tomologists. If you find that in certain areas and 
states you do not need the services of a full time 
entomologist, you might give consideration then to 
the appointment of entomologists on a consultant 
basis. Smaller industries might find such an arrange- 
ment quite worthwhile. 

Researcu Fevttowsuirs.—Economic Research.— 
The most economic method of obtaining research 
data is through the establishment of research fellow- 
ships, and at the same time it aids in the professional 
training of young men who will eventually take their 
proper places in the profession. 

Industrial research fellowships in the field of en- 
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tomology have frequently resulted in definite scien- 
tific contributions. The relationship between insti- 
tutional leaders and representatives of industry have 
generally been considered cordial. 

In the postwar period the number of such fellow- 
ships will doubtless be greatly increased. In the 
south many insect problems could be solved through 
that medium; problems which full time personnel 
can not attack because of the limited appropriations 
involved. 

Remuneration and Travel Funds.—Permit us to 
suggest methods whereby such fellowship arrange- 
ments might be improved. It might be well to con- 
sider an increase fn the remuneration of the re- 
search fellowship and in the travel fund for super- 
vision. The former will enable supervisory commit- 
tees to select more capable men, while the latter 
will provide for closer supervision. Research fellow- 
ships should frequently be of a character that will 
permit the research workers to study problems under 
large scale field conditions as well as small plot or 
laboratory conditions. It would seem advisable to 
place stress upon the practical aspects of our many 
problems. 

Outright Grants.—An idealistic arrangement be- 
tween the members of the insecticide industry and 
southern institutions would be outright grants from 
industry for fellowships without administration of 
operational limitations relative to the problems 
studied. Whenever an agreement is made relative 
to discoveries provision should be made for royalties 
to be deposited in a research fund which would per- 
petuate entomological research at small cost to in- 
dustry. 

Purchase of Equipment.—The members of indus- 
try might logically consider the desirability of 
making direct contributions for the purchase of de- 
sirable equipment for some departments; and even 
the establishment of completely equipped labora- 
tories. This would possibly constitute a very econom- 
ical method of conducting toxicity studies under the 
guiding hand of technically trained entomologists. 

Training of Young Men.—Such arrangements as 
the aforementioned would facilitate the training of 
young men for employment by industry. Industry 
might go farther and consider the full time employ- 
ment of graduate and undergraduate students dur- 
ing summer periods. This would contribute to their 
training ae enabling administrative officers of 
industry to study their qualities from a permanent 
employment angle. 

Extension EntomoLocy.—Broader Use of Prod- 
ucts—Cooperation.—In the final analysis the manu- 
facturer is primarily interested in the broader use of 
his product. Extension entomologists and other 
extension workers in great part hold the key to this 
problem. Therefore, there should be cicse and cor- 
dial cooperation between the two groups. Such a 
cooperative spirit can only exist when there is com- 
plete forthrightness and fairness. The extension 
worker must of necessity know the chemical nature 
of any insecticide that he is expected to recommend 
or endorse. Professional confidence on both sides is 
essential. 

Insecticide for Field Demonstrations.—The mem- 
bers of industry usually seem willing to supply 
quantities of insecticides for field demonstrations by 
extension workers. In this regard, caution must be 
used to guard against favoritism, and requests for 
too much free material. 


Extension W orkers Obligation.— Extension workers 
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must realize that it is their obligation to keep re- 
search entomologists informed concerning _per- 
formance of the control measures that are recom- 
mended. 

State Recommendations.—The members of indus- 
try should make a concerted effort to follow the 
recommendations made by state workers and not 
make blanket recommendations for entire regions. 
The solution to many such problems will be found 
in more frequent meetings between research and 
extension workers and the members of industry. 

Industrial Extension Entomologists.—One of the 
great weaknesses in the south today is the fact that 
some states have good representation by the mem- 
bers of industry, but do not have extension en- 
tomologists; while other states have extension en- 
tomologists but industry has not deemed it advis- 
able to assign entomological representatives to such 
areas. It is quite possible that the members of in- 
dustry may find it profitable in the postwar period 
to employ technically trained but practical minded 
extension entomologists for service in some of the 
southern states. 

In conclusion we desire to commend the members 
of the Agricultural Insecticide and Fungicide As- 
sociation for their many worthwhile activities and 
especially for the publication—AIF News. We find 
this publication invaluable in keeping us well posted 
on current questions concerning insecticides and 
fungicides. The news items are also stimulating. 

We look forward with pleasure to our future con- 
tacts with members of your organization. 

Approved by the Executive Committee of the 
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Cotton States Branch of The American Association 
of Economic Entomologists. 

E. W. Laake 

C. H. ALDEN 

Joun T. CREIGHTON 


Presented at the annual open meeting of The 
Agricultural Insecticide and Fungicide Association 
held at Spring Lake, New Jersey, September 6 to 8, 
1944, and summarized at The Second Southern War 
Conference on Entomology at New Orleans, Louisi- 
ana. 


REPORT OF THE NOMINATING 
COMMITTEE 


The Nominations Committee recommended the 
following officers: 
C. E. Smirn, Baton Rouge, Louisiana, Chairman 
1945-46. 

Tsxo. L. Bisset, Experiment, Georgia, Vice- 
Chairman 1945-46 

Joun T. Creicuton, Gainesville, Florida, Secre- 
tary-Treasurer, 1945-48. 

These officers were duly elected. The New Chair- 
man was escorted to the place of honor by past 
chairmen. He expressed appreciation for the honor 
bestowed upon him and asked for the cooperation 
of the entire membership. 

Final adjournment was proclaimed shortly there- 
after 

Joun T. CREIGHTON 
Secretary-Treasurer 


Dr. J. Linstey GRESSITT 


Lt. (j/g) J. Linsley Gressitt writes that he has 
just been released from the Navy where he served 
as a member of Medical Research Unit No. 2 in 
Guam, and on the Staff, Commander of the U.S. 
Fifth Fleet in the Philippines, Okinawa and in Japan 
since the surrender. 

Lt. Gressitt remained more or less anonymous ip 
the Navy because he had been interned by the 
Japanese for the first half of the war while his father 
was in the hands of the Japanese throughout the 
war. 

On Okinawa Lt. Gressitt was aide to the Medical 
Officer of the fleet and in the Philippines he studied 
flies of medical importance, other than mosquitoes. 

Dr. Gressitt’s continued interest is in China where 
he has had much entomological experience and ranks 
high as an authority on Chinese Entomology, espe- 
cially its economic phases. 





INDEX 


Acrosternum hilaris, 720 
\édes atropalpus, laboratory rearing of, 408 
\erosols 
heat generated, for insect control, 668 
larvicidal, containing DDT, 432 
liquefied-gas, dispenser for testing, 709 
Agonopteryz lecontella, larva of, 126 
Aircraft (Airplane) 
as transporter of insects, 528 
dispersal of DDT against mosquitoes, 541 
dispersion of DDT sprays, 691 
spraying with DDT for mosquito larvae, 686 
treatment by DDT, 252 
tlabama argillacea, 276 
Alfalfa insects, sabadilla for control of, 389 
Alleghany mound ant, 706 
\lpha-trichloromethyl-substituted 
codling moth, 716 
Ambrosia beetle attacking citrus, 706 
Amblyomma americanum infesting red fox, 397 
American foulbrood, transmission of, 365 
Anaphes ovijentatus, egg parasite of Lygus hesperus, 
497 
Anasa tristis, 110, 391 
Anastrepha 
fraterculus, studies of, 95 
ludens, 481, 646 
Animals, effect of DDT orally applied, 428 
Anopheles 
in brackish water, 722 
pseudopunctipennis, in Ecuador, 385 
quadrimaculatus, 437 
DDT against, 223, 231 
residual toxicity of pyrethrins to, 499 
shelters for measuring density of, 721 
walkeri 
diurnal shelters of, 114 
in S. Carolina, 115 
Anopheline 
larvae, pupae, survival in muck, 113 
larvicide, DDT as, 241 
mosquito larvae, control by DDT sprays, 434 
Ant activity and scale insect infestations, 711 
Anthonomus signatus, 678 
Ants controlled by Thanite, 604 
Aonidiella 
aurantii, 296, 556, 567 
citrina infestation as result of ant activity, 711 
\phids 
outbreak on pine, 375 
squash root, 707 
{ phis 
gossypii, 383 
middletonii, 707 
Aphrophora saratogensis, 564 
Apple spray schedule, reduction of, 341 
\quatic life, toxicity of DDT to, 492 
Arsenical residues in straw and grain, 464 
\rsenicals 
injected into roaches, 634 
reducing Lygus injury to guayule seed, 50 
Ash plant bugs, biology and control, 585 
Attractants, Japanese beetle, variation and volatil- 
ity of, 467 


benzenes, for 


Bacillus larvae, 365 
Bacterial infections of potato tuber- moth, 718 
Bait 

Japanese beetle, modification of, 658 


~ 
‘ 


poison, effect of weather on grasshopper feeding 
upon, 458 
Baits 
grasshopper, tests of ingredients, 452 
solid, for codling moth, 344 
Barnes, Parker T., obituary of, 89 
Barrier, for crawling organisms, 495 
Bean aphids, rotenone and Velsicol dusts against, 
124 
Bedbugs 
in chicken houses, DDT for, 606 
DDT for, 265 , 
Bee colony, uninclosed, 623 
Benzene hexachloride, toxicity of to housefly larvae, 
719 
Biological control and insect pathology, 591 
Biology of lima bean vine borer, 407 
Birds, as eaters of Elateridae, 707 
Biscuits, insect damage to thiamine content of, 106 
Blatta orientalis, 634 
Blissus leucopterus, 283, 391 
8-Methylallyl chloride as fumigant for stored corn 
insects, 471 
Body lice, control by DDT, 210, 217 
Boll weevil, reduced amounts of calcium arsenate, 
300 
Boric acid as stomach poison for German cockroach, 
407 


‘abbage 
caterpillar, DDT against, 410 
worms, control by sabadilla, 392 
‘adelle, fumigants for, in shelled corn, 478 
‘alcium 
cyanamid-sodium fluosilicate mixture as a de- 
foliant, 395 
arsenate 
and nicotine, effect on cotton aphid, 383 
reduced amounts for boll weevil, 300 
‘alifornia red scale 
DDT and rotenone, in oil, against, 556 
fumigation with HCN, 296 
resistance to fumigation, 296 
rotenone oil for, 567 
Carpet beetles damaging nylon, 522 
Carpocapsa pomonella, 344, 347, 708, 715, 716 
Carrot rust fly, DDT for, 283 
Cattle 
grub 
control, 442 
treatment, effect on weight, 398 
lice, dusting for, 611 
Cerosipha subterranea, a synonym of, 409 
Chaetocnema pulicaria, 197 
Cherry 
fruit fly, DDT against, 122 
new leafhopper on, 617 
Chicken 
louse controlled by DDT, 700 
lice, new insecticides for, 573 
Chinch bug, 
DDT for, 283 
dust barriers, 713 
Chinch bugs, toxicity of sabadilla to, 391 
Chlorinated hydrocarbon insecticide, a new, 661 
Christmas trees, improved by methy! bromide fumi- 
gation, 398 
Chromaphis juglandicola, control of, 127 
Cicadella stellulata, 617 
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Cigarette beetle, insecticides for, 449 
Citrus attacked by ambrosia beetle, 706 
Clover leaf weevil, DDT sprays for, 497 
Coceus hesperidum infestation as result of ant activ- 
ity, 711 
Cochliomyia 
americana, 327 
effect of weather on, 66 
overwintering 
in Arizona, 90 
in Texas, 77, 83 
winter activity in southeastern states, 84 
macellaria, overwintering in Texas, 83 
Cockroach 
German, boric acid against, 407 
penetration of nicotine into, 710 
Codling moth 
alpha-trichloromethyl-substituted benzene to con- 
trol, 716 
DDT for, 272 
N-substituted p-toluenesulfonamides to control, 
715 
parasites, 103 
solid baits for, 344 
tests of 4,6-dinitro-o-cresol against larve of, 723 
tests of N-substituted 2,4-dinitroanilines on, 708 
on walnuts, control of, 347 
Collembola swarming, 500 
Comstock mealybug, effect of DDT upon, 422 
Coniferous seedlings, seed-corn maggots as pests of, 
121 
Conotrachelus nenuphar, 417 
Constitution of Association, annotated, 505 
Contarinia sorghicola, 719 
Copper fungicides and cryolite compatability of, 655 
Corn 
duplicating Japanese beetle injury in, 604 
earworm 
cryolite, etc., against, 400 
and powdery mildew, control of, 101 
flea beetle, DDT for, 197 
fumigants for eadelle in, 478 
insects, 8-Methylallyl chloride as fumigant fof, 
471 
Cotton 
aphid, effect of nicotine and calcium arsenate on, 


383 
bollworm, DDT against, 534 
flea hopper, 
DDT for control of, 495 
insecticides for contro! of, 598 
insects, Hemipterous, DDT and other insecticides 
compared, 531 
leafworm, DDT for, 276 
Cryolite and 
copper fungicides, compatability of, 655 
organic compounds against corn earworm and 
Mexican bean beetle, 400 
Culex 
interrogator in U.S., 115 
quinquefasciatus 
factors affecting larvicidal action of DDT on, 
725 
tarsalis, collection records in army camps in south- 
eastern states, 404 
Cupriferous cement as roach repellent, 290 
Cybocephalus in California, 128 
(yrtopeltis varians in tobacco-growing areas, 498 


Dacus cucurbitae, 339 
D-D mixture as a soil fumigant, 35 


DDT 


against adult mosquitoes, 541 
aerosols for 
greenhouse insects, 173 
houseflies, 277 
onion thrips, 173 
pea aphid, 183 
truck crop pests, 189 
vegetable insects, 179 
from airplane to kill mosquito larvae, 686 
for airplane treatment, 252 
as anopheline larvicide, 241 
against bedbugs in chicken houses, 606 
for bedbugs, 265 
against bollworm, 534 
for carrot rust fly, 283 
as a chicken louse control, 700 
for chinch bug, 283 
for codling moth, 272 
against cherry fruit fly, 122 
to control cabbage caterpillar, 410 
for control of cotton flea hopper, 495 
to control Seutigerella immaculata, 410 
for corn flea beetle, 197 
for cotton leafworm, 276 
as a culicine larvicide, 537 
definition of terms for, 516 
effect on 
Comstock mealybug and parasites, 422 
honeybees, 369 
effect of 
oral application to animals, 428 
temperature in housefly control, 261 
fails to remove horsebots, 399 
against goat lice, 612 
ground treatment with against pear thrips, 122 
for grape leafhoppers, 778 
against grape bud beetle, 600 
against Hemipterous insects on cotton, 531 
and honeybees, 609 
for houseflies, 261 
insecticidal preparations, 207 
insecticides for armed forces, 205 
for Japanese beetle on fruit, 202 
in Japanese beetle traps, 199 
-kerosene solutions, addition of aluminum stearate 
to, to prevent DDT penetration, 689 
labelling insecticides containing, 416 
against larvae of Culex quinquefasciatus, factors af- 
fecting, 725 
larvicidal action of on Anopheles quadrimaculatus, 
437 
larvicidal aerosols, 432 
larvicides, airplane application of, 425 
as a larvicide against Simulium, 694 
and lead arsenate compared against pecan nut 
casebearer, 607 
for leaf-cutting ants, 282 
for lice control on man, 210 
-like effects from other compounds, 618 
for little fire ant, 167 
for mosquito control in U.S., 284 
not effective against exotic earthworm, 411 
-oil sprays from airplanes against mosquitoes, 545 
for onion plant bug, 277 
against onion thrips, 608 
penetration prevented, 689 
for potato insects, 169 
for potato leafhopper, 197 
for Psorophora mosquitoes, 250 
and pyrethrum aerosols for mosquitoes and flies, 
255 
for quince treehopper, 274 
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for residual sprays for mosquitoes, 223, 231, 236 
residual spray tests, 608 
for residual treatment of houseflies, 257 
and rotenone, in oil, against California red scale, 
556 
against Saratoga spittle insect, 564 
sprays 
for Anopheles mosquito larvae control, 434 
dispersion from fast aircraft, 691 
and European red mite, 724 
for pea aphid and clover leaf weevil, 497 
against stablefly in shore deposits, 548 
statement by U.S. Army and U.S. Public Health 
Service, 284 
against tent caterpillar, 615 
as termite repellent, 493 
against ticks on vegetation, 553 
toxicity to 
aquatic life, 492 
fish, 274 
surface-feeding mosquitoes, 494 
twals with on potatoes, cabbage, squash, 439 
for underwear impregnation, 217 
Defoliant, 395 
Dermacentor variabilis, 554 
Diapause in Oriental fruit moth, 605 
Dichloroethyl ether, for plum curculio, 417 
Dichloropropane-dichloropropene and ethylene di- 
bromide mixture for wireworm control, 643 
Dinitrophenol derivatives as mosquito larvicides, 
524 
$,6-dinitro-o-cresol against codling moth larvae, 723 
Diplogaster nematodes and white-fringed beetles, 488 
Disodium ethylene bisdithiocarbamate for Mexican 
bean beetle, 675 
Dispenser for 
methyl bromide and methyl bromide-DDT aero- 
sols, 401 
testing new liquefied-gas aerosols, 709 
Dust barriers, for chinch bug, 713 
Dusting 
for cattle lice, 611 
powder, for sheep ticks, 285 
Dusts, coverage factor in application of, 359 


Earthworm, exotic, DDT ineffective against, 411 
Ecology in insect control, 129 
Ectoparasites of Delaware mammals, 126 
Elateridae eaten by birds, 707 
Entomological publications, 4 
Entomologists, reemployment of, 621, 623 
Entomology 

exchange professors, 3 

and malaria control, 517 

medical, 8 

postwar planning, 3 

program for, | 

relation to other organizations, 5 

teaching, 1 
E phestia elutella, 449 
Epilachna varivestis, 101, 683 
Epitrix hirtipennis, 397, 599 
Ethylene 

dichloride for peachtree borer, 500 

dibromide 

and dichloropropane-dichloro-propene mixture 
for wireworm control, 643 
as fumigant for Japanese beetle, 717 

Ethyl formate as fumigant for dried fruits, 715 
2-Ethylhexanediol-1,3, repellent properties of, 671 
Eugenol, 658 
European 


corn borer 

new insecticide for, 59 

spray and dust treatments for, 52 
red mite and DDT, 724 


Fallow ant, control of, 706 
Ferric dimethyl dithiocarbamate, effect on tobacco 
flea beetle, 599 
Firebrat, food preferences of, 577 
Fish, toxicity of DDT to, 274 
Flea collections at army installations, 600 
Flies, DDT for, 255 
Florida, mosquitoes of northwest, 613 
Food preferences of firebrat, 577 
Formica 
exsectoides, control of, 706 
poison, effect of, on fingers, 607 
Frankliniella fusca, 446 
Fruitfly mortality, adsorption of methyl bromide 
and effect on, 481 
Fruits, dried, fumigants for, 715 
Fuel oil as tobacco flea beetle larvicide, 397 
Fumigant 
-methyllallyl chloride, for stored corn insects, 471 
for Japanese beetle, 717 
Fumigants 
for cadelle in shelled corn, 478 
for dried fruits, 715 
soil, applied by rototiller, 409 
Fumigation, soil, 35 
Fungicides, copper, and cryolite, compatability, 65 


Gambrus stokesii, Australian parasite, 103 
Gas condensate against flies, 23 
Gelatin capsules, use in studies of parasites, 396 
Geraniol, 658 
Gift to Association, 413 
Glossonotus crataegi, 274 
Glyptoscelis squamulata, 600 
Goat lice, DDT for, 612 
Goldenrod, cultivated, insect pests of, 355 
Grape 

bud beetle, DDT against, 600 

leafhopper, DDT for, 278 
Grapholitha molesta, 605 
Grasses, range, damaged by Laboys, 707 
Grasshopper 

baits, tests of ingredients, 452 

feeding on poison bait, effect of weather upon, 458 
Greenhouse insects, DDT for, 173 
Green stinkbug, sabadilla for control of, 720 
Grub control on dairy cattle, 442 
Guayule production and Lygus spp. 45 


HCN 

fumigation for California red scale, 296 

sorption of, by insect pup, 617 
Heliothis armigera, 101, 534 
Hessian fly, 712 

reproductive capacity of, 56 
Honeybees 

and DDT, 609 

effect of DDT on, 369 

pollen substitutes for brood rearing of, 484 
Horsebots, DDT not effective against, 399 
Host plants of pink bollworm, 583 
Houseflies 

DDT for, 277 

DDT residual treatment for, 257 
Housefly 

breeding control, 602 

larvae, toxicity of benzene hexachloride to, 719 

overwintering, 493 
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Hypera punctata, 497 


Insect 
control, ecology in, 129 
damage 
to nylon, 522 
to thiamine content of biscuits, 106 
repellent properties of 2-ethylhexanediol-1,3, 671 
pathology and biological control, 591 
population problems, 651 
pests of cultivated goldenrod, 355 
pups, sorption of HCN by, 617 
surveys, 4 
Insecticidal properties of various plants, 305 
Insecticide 
a new chlorinated hydrocarbon, 661 
new from Ryanez, 59 
testing, 6 
Insecticides 
application of in relation to leaf area, 703 
for cotton flea hopper, 598 
DDT, 207 
against Hemipterous insects on cotton, 531 
new, for chicken lice control, 573 
residual types for bedbugs, 265 
for Saratoga spittle insect, 564 
for strawberry weevil, 678 
tests against clover worm and Autographa on snap 
bean, 403 
for tobacco moth and cigarette beetle, 449 
Insect: 
carried in aircraft, 528 
controlled by heat generated aerosols, 668 
control program, 6 
ground cover sprays against, 117 
timing seasonal cycles of, 330 
Isopropyl formate as fumigant for dried fruits, 715 
Irodes ricinus scapularis, 553 


Jack pine, control of spittle insects on, 564 
Japanese beetle 
attractants, variation and volatility of, 467 
bait, modification of, 658 
duplicating, injury to field corn, 604 
on fruit, DDT for, 202 
fumigant for, 717 
sprays, measuring effectiveness of, 308 
traps, DDT in, 199 
JourNaAL or Economic Entomo.oey, reasons for de- 
lays of, 621 


Labops 
damage to range grasses, 707 
tumidifrons, 707 
Larvicidal 
action of DDT on Anopheles quadrimaculatus, 437 
aerosols containing DDT, 482 
Larvicide 
culicine, DDT as, 537 
DDT as anopheline, 241 
Larvicides 
DDT, airplane application of, 425 
mosquito, dinitrophenol derivatives as, 524 
Lasioderma serricorne, 449 
Laspeyresia caryana, unusual habit of, 620 
Lead arsenate and DDT compared against pecan nut 
casebearer, 607 
Leaf area and relation to application of insecticides, 
703 
Leaf-cutting ants, DDT for, 282 
Leafhopper, new, on cherry, 617 
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Lespedeza, new pest of, 312 
Lice 

cattle, dusting for, 611 

goat, DDT for control, 612 

human, DDT against, 210 
Lima bean vine borer, biology and control, 407 
Lime-sulfur, toxic gases of, 618 
Listroderes obliquus in Oklahoma 364 
Little fire ant, DDT against, 167 
Loganberry, dry berry disease of, 722 
Lygus 

hesperus, 50 

egg parasite of, 497 
spp., and guayule production in California, 45 


Macrocentrus 
ancylivorus, 
effectiveness as parasite, 118 
freeing cocoons of from tuber moth cocoons, 120 
influence of moisture on mass production, 319 
a microsporidian, in, 392 
role of spermatophore in mass production, 323 
sources of overwintering, !19 
cost of producing by potato-tuberworm method, 
316 
Macrosiphum pisi, 12, 183, 497 
Malacosoma americana, 615 
Mammals, Delaware, ectoparasites of, 126 
Mangoes, treated by vapor-heat process for fruitfly, 
646 
Meeting 
North Central States Entomologists, 415 
Northwest Vegetable Insect Control Conference, 
415 
Western Cooperative Spray Conference, 415 
Melon 
fly, effect of foods on ovarian development 339 
leaf beetle, tests of thunder god vine against, 491 
Melophagus ovinus, 285 
Methyl bromide 
adsorption and effect on fruitfly, 481 
and DDT aerosols, dispenser for, 401 
fumigation improves Christmas trees, 398 
for pineapple mealybug, 610 
Mexican 
bean beetle, control of, 683 
cryolite, ete., against, 400 
disodium ethylene bisdithiocarbamate for con- 
trol of, 675 
and powdery mildew, control of, 101 
fruitfly 
on mangoes treated by vapor-heat process, 646 
studies of, 95 
Microsporidian in Macrocentrus ancylivorus, 393 
Mississippi, mosquitoes of, 378 
Monoptilota pergratialis, 407 
Mosquito 
larvae 
control and DDT, 284 
control of, by airplane spraying with DDT, 686 
packing for storage, etc., 501 
pupae, survival in muck, 113 
quieting, 393 
larvicides, dinitrophenol derivatives as, 524 
Mosquitoes 
DDT for, 255 
DDT-oil sprays against, 545 
dispersal of DDT from airplanes against, 541 
of Mississippi, 378 
of northwest Florida, 613 
Psorophora, DDT against, 250 
of southeastern states, 401 
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surface feeding, toxicity of DDT to, 494 
Musca domestica, 493, 602 
sabadilla seed against, 291 


Nematodes and white-fringed beetles, 488 
Nicotine 
and calcium arsenate, effect on cotton aphid, 383 
pentration into cockroach, 710 
Nitrogen, soil and thrips injury to spinach, 615 
N,N-diethylpiperonylamide and pyrethrum marc, 
action of on Mexican bean beetle, 683 
N-Substituted 2,4-dinitroanilines, tests of on codling 
moth larvae, 708 
N-Substituted p-toluenesulfonamides for control of 
codling moth, 715 
Nylon 
damaged by carpet beetles, 522 
insect damage to, 522 


Obituary 

Parker T. Barnes, 89 

Theodore H. Frison, 729 

John D. Maple II, 414 

Victor I. Safro, 727 

Louis M Scott, 414 

Ralph Henry Smith, 624 

Morris Cole Tanquary, 504 
Oil-DDT sprays from airplanes against mosquitoes, 

545 

Onion 

plant bug, DDT for, 277 

thrips, DDT against, 173, 608 
Orchid scales, control of, 395 
Oriental fruit moth 

diapause in, 605 

parasite, 103 
Orthopodomyia alba, in Kentucky, 409 
Ovarian development in melon fly, 339 


Oviposition habits, strange, of treehopper, 403 


Parasite 
Australian, of codling moth and Oriental fruit 
moth, 103 
egg, of Lygus hesperus, 497 
Parasites 
of Comstock mealybug, effect of DDT upon, 
insect, gelatin capsules in study of, 396 
I ea aphid 
DDT 
against, 183 
sprays for, 497 
races of, 12 
Peachtree borer 
control with propylene dichloride, 419 
ethylene dichloride for, 500 
Peanuts, seedling, control of, tobacco thrips on, 446 
Pear thrips, DDT as ground treatment against, 122 
Pecan 
budmoth, unusual habit of, 620 
nut casebearer, DDT and lead arsenate compared 
for control of, 607 
Pectinophora gossypiella, 583 
Pediculus humanus corporis, 210 
Periplaneta americana, 634 
Petroleum oils, against potato tuber moth, 26 
Phyllocoptes gracilis 
and dry berry disease of loganberry, 722 
on red raspberry, 121 
Phytophaga destructor, 56, 712 
Pieris rapae, 392 
Pineapple mealybug 
methyl bromide for, 610 
oral secretions of, 335 


Pine, outbreak of aphids on, 375 
Pink bollworm, host plants of, 583 
Plants, miscellaneous, insecticidal properties of, 305 
Plathypena scabra, 403 
Platypus compositus, attacking citrus, 706 
Plum curculio 
control with dichloroethy] ether, 417 
survival in peach orchards, 116 
Poison of Formica exsectoides, effect on fingers, 607 
Pollen substitutes, 484 
Popillia japonica, 308, 717 
Population, insect, problems, 651 
Potato 
insects, DDT against, 169 
leafhopper on alfalfa, control by DDT, 197 
leafhoppers, control on string beans, 392 
tuber moth 
bacterial infections of, 718 
petroleum oils against, 26 
tuber-worm 
eggs, in mass production of Trichogramma, 394 
method, cost of producing Macrocentrus, 316 
Powdery mildew 
and corn earworm, control of, 101 
and Mexican bean beetle, control of, 101 
Propylene dichloride, for control of peachtree borer, 
419 
Psallus 
ancorifer, 277 
seriatus, 495, 598 
Pseudacoccus 
comstocki, 422 
brevipes, 335, 610 
Psila rosae, 283 
Pyrausta nubilalis, 52, 59 
Pyrethrins, residual toxicity of to Anopheles quad- 
rimaculatus, 499 
Pyrethrum 
aerosols and DDT for mosquitoes and flies, 255 
terpin diacetate as an activator for, 123 


Quarantine, plant, 7 
Quince treehopper, DDT for, 274 


Raspberry 

red, Phyllocoptes gracilis, a pest of, 121 
Red fox, infested by Amblyomma americanum, 397 
Residues, arsenical, in straw and grain, 464 
Reviews, 411, 413 
Rhagoletis 

cingulata, 122 

pomonella, emergence of, 330 
Rhaphidopalpa chinensis, 491 
Roaches 

DDT-like effects on, from other compounds in- 

jected into, 618 

survival time after arsenical injections, 634 
Roach repellent, cement as, 290 
Rotenone 

oil for California red scale, 567 

and Velsicol dusts against bean aphids, 124 
Rototiller for applying soil fumigants, 409 


Sabadilla 
against alfalfa insects, 389 
for control of 
cabbage worms, 392 
green stinkbug, 720 
dust for squash bug, 389 
preliminary tests with, 125 
seed 


alkaloids of, 293 
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effectiveness of alkaloids, 293 
lime treated, in dust suspensions, 291 
toxicity to 
chinch bugs, 391 
squash bugs, 391 
Sanninoidea eritiosa, 419 
Saratoga spittle insect, control by DDT and other 
insecticides, 564 
Scale insects, control on orchids, 395 
Screwworm 
effect of weather on, 66 
overwintering of in Texas, etc., 77, 88, 84, 90 
survey of southeastern states, 327 
Secutigerella immaculata, control of by DDT, 410 
Secretions, oral, of pineapple mealybug, 335 
Seed-corn maggots, as pests of coniferous seedlings, 
121 
Sewage sludge, control of housefly in, 602 
Sheep tick, control by dusting, 285 
Simulium, DDT as larvicide against, 694 
Smith, Ralph Henry, obituary of, 624 
Snap beans, control of 
green clover worm and Autographa on, 403 
insects on, 101 
Soil treatments, 35 
Sorghum midge, distribution of, 719 
Spinach, thrips injury to and soil nitrogen, 615 
Sprays 
DDT residual, 223, 231, 236 
ground cover against insects and weeds, 117 
Japanese beetle, measuring effectiveness of, 308 
reduction of apple schedule, 341 
Squash-bug injuries in Washington, 110 
Squash-bugs, toxicity of sabadilla to, 391 
Squash root aphids, 707 
Stablefly, DDT against, in shore deposits, 548 
Stomorys calcitrans, 548 
Strawberry weevil, insecticides for, 678 
String beans, control of potato leafhoppers on, 392 
Swarming of Collembola, 500 


Tenebroides mauritanicus, 478 
Tent caterpillar, DDT for, 615 
Termite repellent, DDT as, 493 


Terpin diacetate as an activator for pyrethrum, 123 
Tetralopha scortealis, new pest of lespedeza, $12 
Thanite as an ant control, 604 
Thermohia domestica, 577 
Thiamine content of biscuits, insect damage to, 106 
Thrips injury and soil nitrogen, 615 
Thunder-god vine, tests of against melon leaf beetle, 
491 
Ticks on vegetation, DDT against, 553 
Tobacco 
flea beetle 
effect of ferric dimethy! dithiocarbamate on, 599 
fuel oil as larvicide, 397 
moth, insecticides for, 449 
-growing areas, Cyrtopeltis varians in, 498 
thrips, control on seedling peanuts, 446 
Toxic gases of lime-sulfur, 618 
Traps, Japanese beetle, DDT in, 199 
Treehopper, oviposition habits of, 403 
Triatoma gerstaeckeri, 
biology of, 597 
habits and growth of nymphs, 597 
Trichogramma, mass production of eggs of potato 
tuber worm, 394 
Trifidaphis phaseoli, 707 
Truck crop insects, DDT against, 189 


Underwear impregnation by DDT, 217 


Vapor-heat process for Mexican fruitfly, 646 
Vegetable insects, DDT against, 179 
Vegetables, trials with DDT on, 439 

Velsicol and rotenone dusts for bean aphids, 124 


Walnut aphid, control of, 127 
Walnuts, control of codling moth on, 347 
Wasmannia auropunctata, 167 
Weather, effect 
of upon grasshoppers feeding on poison bait, 458 
on screwworm fly population, 66 
Wireworm control 
by ethylene dibromide and _ dichloropropane- 
dichloropropene mixture, 643 
rotations and practices in relation to, 627 
White-fringed beetles and nematodes, 488 
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author’s best interest to submit clean copy. Clarity, 
comprehensiveness and conciseness are most desir- 
: paper should be accom.panied 
val of one oF more persons 
et with the subject. The manuscript open 
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folded or rolled. sheets should not be stapled 
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of first page. Footnotes be numbered con- 
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name of volume, article number, page, 
and and kind of illustrations wherever pos- 
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should be supplied for tables and legends for il|us- 
trations. S intended to be set by them- 
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gardless of their length, the of 
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ILLUSTRATIONS are accepted 
tion of the editor. Poor ong Fa 
are ar 
plates or their eqaivalent are allowed a 
average length. More than this amouat must be paid 
for by the author. Ori cleanly lettered ink 
drawings, net pho ate required for 
production, Numerals and 
nent part of graphs 
neatly. They 

and 
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other color papers o a ance of en- 
gravings. On back of EVERY illustration, or 


engraving where furnished, should be written the 
name of the author and the paper to which the il- 
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CURRENT NOTES should be sent to the associate 
editor, Harry B. besa First Mechanics Na- 


tional Bank, Tre Jersey. HORTICUL- 
TURAL INSPECTION NOTES should be seat 
Quarantine, Waskington, D.C. Proof of this me 
terial is not sent to authors. 


REPRINTS 


Authors will be given opportunity to order re 
prints at the time they receive galley proof from 
the printer. Only orders at this time (ex- 
cept in the case of Scieatific Notes) will be con- 
sidered official, and authors will be responsible for 


pam to the Business Manager, N. Cory, 
College Park, Maryland. 
The following scale of t charges is based 


on supplying excerpts, that is, separate pamphiets 


made by cw apart large sheets and arranging 
pages in leaflet 
This is the cheapest method 
can - prepensny The seg Tat posed that. for an 
articie be ona page onr extra 
page ed to the count to allow for the 
title on the first right hand page, which wo 
otherwise be blank. 
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